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1* BTDBX OF THS I-1AJOR CATEGORIES OP IIPj^IdlATIOH INCLUDED 

General: A comparison of results from Skylab and 

Landsat-1 (formerly ERTS-1 ). 

Forestry: Forest resource assessment, vegetation boundaries, 

forested versus non-forested areas* 

Geology: Interpretation of large scale structures, linear 

features, analysis of linear features, rock type 
discrimination, structures, faults, lineaments, 
photointerpretation, resolution, drainage networks, 
topography, geonorphology, reproducibility, data 
quality, correlation, civil engineering, tunnels, 
irrigation, hydroelectric power* 

land 

classification: Types of country depicted by S 190A and 

S 190B, botanical mapping with the aid of S 190A 
and S 190B. 
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2. TECHHICAL APPROACH AND TASK DESCRIPTION 

The purpose of the investigation was to determine the 
usefulness of Sky lab photography for mapping natural resources* 

Structural , lithological and vegetation cover maps have been prepared 
using previously made maps and field work in selected areas as control* 
Comparisons have been made with the results obtained from Landsat— 1 data* 

During the planning phase of the mission, the site descriptions 
and priorities, and the photographic requirements were conveyed to HASA/JSC* 
Details are given in Elections J and 4 of this report* 

Field checks have been performed in the Snowy Fountains area 
to provide control for the interpretation of the Sky lab photographs* 

Conventional photo-interpretation methods have been employed 
in preparing from the Skylab photographs maps of structural features, 
Cainoisoic geology , and land systems including vegetation cover* 
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3. GENERAL HISTORY 0F THE INVESTIGATION 

In December 1970 the 153 National Aeronautics and. Space 
Administration (NASA), issued an open invitation for specific proposals 
for participation in the analysis and interpretation of earth resources 
data acquired by the Earth Resources Experimental Package (EREP) of the 
Skylab maimed spacecraft program* This resulted in the interdepartmental 
Australian Committee for ERTS (ACGRTS) forwarding, on 8 April 197 1 j a 
proposal to NASA entitled "A study of the usefulness of Skylab EREP data 
for earth resources studies in Australia" » 

The original proposal was formulated on the understanding that 
data might be available from a single EREP pass over Australia* ACERT3 
believed that target site selection should give priority to test areas 
already nominated for Landsat-1 evaluation* A primary area was therefore 
selected at Alice Springs (NT) « Available data indicated that a 
descending orbit across Alice Springs would also cover Landsat-1 test sites 
at Gason (SA) and south of Canberra (ACT-NSW) while an ascending orbit 
would cover Kalgoorlie and part of Papua New Guinea* Data from the SI 90 
photographic cameras (see Appendix) and SI92 multispeotral scanner 
were requested. 

On 6 October 1972 notification was received from NASA that 
the proposal (under NASA control numbers INT-AUS-03, Experiment Proposal 
Number (&PN) 557 and SR557) had been accepted, with Dr N*H. Fisher, then 
Director of the Bureau of Mineral Resources, as Principal Investigator* 

Participation in the research was ratified by the signing on 
■ 11 May 1973 of the Provisions for participation in the Skylab Earth 
Resources Experiment Program* 

Following the Principal Investigator's Conference at I’SC 
Houston, Texas ( 10-13 October 1972), at which comprehensive information 
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on instrumentation and flight programming was released? the Australian 
proposal was amended. Subsequent changes (with RASA approval) resulted 
in the Australian proposal being finalized for S190A (Multispectral camera 
system) and Si 90S (Earth Terrain camera) data over four test sites 
Priority 1, Hi Isa (bite 204959) lat. 20°0Q , S-21°3O*S; long. 139°00'B- 
140°15'Ec Equal priority 2, Kalgoorlie (Site 204953) lat. 30 00' S- 
33°00 , S; long. 121 o 00*&-i22°30% Canberra (Site 204954) lat. 35°00'S- 
36°00'S; long. 148°30'E«1 50°00% Alice Springs (Site 204952) lat. 23°00 , S- 
23°45 , S; long. 133°30 t E-135°00 , E. 

The Skylab spacecraft (SLl) was launched on 14 Hay 1973 
into a 50 degree inclined circular orbit at art altitude of approximately 
430 km, which resulted in a 5 day repeating ground track. During the 
three manned missions SL2 (25 May-21 June 1973), SL 3 (28 July-25 September 
1974, and SL4 (l6 Hovember-S February 1974), the astronauts operated the 
EREP cameras over Australia on two occasions* 

During SL3, Track 13 was photographed with both camera 
systems on EEEP Pass 8 (l2 August 1975). Figure 1 shows the extent of 
coverage by the S190A system; within this? the S190B camera covered a 
narrower central strip* Terrain photography was obtained in the Alice 
Springs and Snowy Mountains areas while the remainder of the track was 
extensively cloud covered. Track 13 was photographed again on 15 December 
1973 during SL4-BKEP Pass 15* Photography was acquired over Alice Springs 
but additional photography near Canberra was cancelled owing to 10C£> cloud 
cover observed by the crew. Details of photography are listed in Section 
.4, and the locations of the photographs studied are shown in Figs. 2 and 3. 

The Commonwealth Scientific and Industrial Research Organisation 
(CSI-SO), Divisions of Mineral Physics, and Land Use Research, the Bureau 
of Mineral Resources (Blffi) of the Department of Minerals and Energy, and 
the Forestry and Timber Bureau (F&T3) now the CSIRO Division of Forest 
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Research - participated in evaluating the photography obtained® The 
Division of Rational Mapping (DNM) of the Department of Minerals and 
Energy, although not an official investigator, made an assessment of 
its usefulness for land use mapping and topographic map revision 
(Section 6 0 5). 

On 27 September 1974 Dr K,H 0 Fisher retired, and Kr B„P. Lambert, 
Director, Division of Rational Mapping, was appointed Principal 
Investigator for SR537- 

A draft final report was submitted to NASA Principal Investigator 
Management Office in August 1975° Approval of the draft and a request 
for colour illustrations was received from NASA in October. The revised 
final report was sent to NASA in December 1973-.- 
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4. STOMtY OF vm SKYLAD DATA RECEIVED 

The following list shovjs the dates at whioh various Shy lab 
photographic products — despatched from NASA Johnson Space Centre,, Texas - 
arrived at BUR, Canberra, In each case the complete Australian 
photographic coverage per camera per mission was received. 


Mission 

Camera 

Product 

Date received 

SL3 

S190A 

contact pos. 

18 December 1973 

it 

S190B 

contact pos. 

1 January 1974 

it 

S190A 

4x pos. 

3 Kay 1974 

it 

S19QA 

4x neg. 

3 May 1974 

sl4 

S190A 

contact pos. 

2 July 1974 

it 

S1903 

contact pos. 

29 July 1974 

SL4 

S 190 A 

4x pos. 

11 October 1974 

II 

S190A 

4x neg# (Pan. 

11 October 1974 



only) 


SL3 

S190B 

2 x pos. 

28 November 1974 

SL4 

S19GB 

2x pos. 

16 January 1975 


Details of the Australian photographic coverage from SL3 
and SL4 are shown in Tables 1 and 2, 

TABLE 1 - AUSTRALIAN EREP PHOTOGRAPHIC COVERAGE 

Frame number Percent cloud cover Centre of frame 

Latitude S Longitude B 

DEG* KIN, DEG. KIN. 

a) SL3/S190A 


162*B 

65 

23 

22 

133 

23 

163*BC 

60 

23 

52 

133 

41 

I64-AB 

55 

24 

19 

134 

09 

165 

70 

24 

47 

134 

36 

166 

95 

25 

42 

135 

32 

167 

80 

26 

36 

136 • 

28 

168 

80 

27 

30 

137 

25 

169 

95 

28 

24 

138 

24 
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170 

90 

29 

16 

139 

23 

171 

70 

30 

09 

140 

24 

172 

85 

31 

01 

141 

26 

173 

95 

31 

52 

142 

29 

174 

95 

32 

43 

143 

33 

175 

95 

33 

32 

144 

38 

17^ 

80 

34 

22 

145 

45 

177* 

80 

35 

10 

146 

53 

178* 

5 

35 

29 

147 

21 

179* 

5 

35 

48 

147 

49 

I80*bcf 

5 

36 

07 

148 

17 

I8l x 'bf 

10 

36 

26 

148 

45 

182* 

15 

36 

45 

149 

14 

183 

25 

37 

03 

149 

43 

b) SL3/S190B 

117* 

10 

21 

57 

131 

53 

118* 

40 

22 

17 

132 

11 

1 19* 

60 

22 

36 

132 

28 

120* 

70 

22 

54 

132 

46 

121* 

75 

23 

12 

133 

04 

122*LB 

60 

23 

31 

133 

22 

123*LBC 

45 

23 

50 

133 

40 

124*LB 

45 

24 

08 

133 

59 

125*LB 

40 

24 

27 

134 

17 

126 

80 

24 

45 

134 

35 

127 

100 

25 

26 

135 

16 

128 

100 

26 

05 

135 

56 

129 

65 

26 

44 

136 

37 

: 130 

75 

27 

22 

137 

19 

131 

95 

28 

01 

138 

00 

132 

100 

28 

40 

138 

43 

133 

90 

29 

18 

139 

26 

134 

85 

29 

55 

140 

09 

135 

25 

30 

33 

140 

53 

136 

. 75 

31 

10 

141 

38 

137 

85 

31 

47 

142 

23 

138 

85 

32 

23 

143 

09 


8 


13? 


95 

35 

59 

143 

56 

140 


95 

33 

35 

144 

43 

141 


85 

34 

11 

145 

31 

142 


65 

34 

/> 

146 

20 

143* lb 


5 

35 

54 

147 

58 

144*lbfc 


5 

36 

09 

148 

21 

145*lbf 


5 

36 

25 

148 

45 

146*lbf 


10 

36 

40 

149 

08 

147*1 


25 

36 

55 

149 

32 

148*1 


35 

37 

11 

149 

56 

149 


60 

37 

26 

150 

20 

c) SL4/3190A 







91* • 


50 

21 

59 

132 

13 

92*L 


50 

22 

28 

132 

24 

93*L 


20 

22 

52 

132 

46 

94*L 


30 

23 

20 

133 

13 

95*L 


40 

23 

46 

133 

37 

96*L 


30 

24 

16 

134 

09 

97 L 


20 

24 

47 

134 

37 

d) SL4/S190B 







277* 


35 

21 

55 

132 

14 

278* 


30 

22 

10 

132 

05 

279*1 


15 

22 

27 

132 

21 

28o*l 


15 

22 

45 

132 

38 

28l*L 


20 

23 

01 

132 

54 

282*L 


30 

23 

19 

133 

10 

283*L 


40 

23 

27 

133 

12 

284*L 


55 

23 

53 

133 

44 

285* 


55 

24 

13 

134 

05 

286 


35 

24 

28 

134 

19 

Approximately 60^> 

overlap with ; 

following- frame 

■ 

_ * 


Frames studied 

in 

Alice Springs 

Area: Land Classification 

- L 


Frames studied 

in 

Alice Springs 

Area: Geology 

(BKR) 

- B 


Frames studied 

in 

Alice Springs 

Area: Geology (CSIRO) 

- C 



Frames studied in Snowy Mountains Area: Land Classification - 1 
Frames studied in Snowy Mountains Area: Geology (BMIi) — b 
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Frames studied, in Snowy Fountains Area: Geology (CSIRO) — c 

Frames studied in Snowy Fountains Area; Forestry — f 

TABLE 2 - TIME OF PHOTOGRAPHY AT CEHTRES OF TEST AREAS 

Alice Springs area Snowy Mountains area 

BATE GMT AEST GMT AEST 


L3 

12 August 0241 1 

1211 

0246 

1246 

L4 

15 December 0006 C 

>930 


- 
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5 * FROBLJ&jS ENCCU1JTKREP DURING EVALUATION 

Reproduction delays 

Because five separate Government agencies evaluated the 
Sky lab photographs it was necessary to regard the films sent to the 
Principal Investigator as file masters for reproduction and distribution 
of copies to the co-investigators , Por this purpose all film was lodged 
with the official Australian Government aerial photography contractor, Air 
Photographs Pty Ltd, The contractor experienced considerable difficulty in 
obtaining (from Kodak USA) suitable film to make high quality reproductions 
of the third generation Skylab masters „ As a result of this, the initial 
Slcylab films received in Australia on 18 December 1973 were not reproduced 
and distributed to co-investigators for evaluation until June 1974 by which 
time the co-investigators were committed to other projects « 

Absence of co— investigators 

Evaluation of Shy lab photography was further delayed by absence 
of three co-investigators on an official Australian Government visit to the 
USA and Canada during Oct ober~Kov ember 1974° 

Photographic problems 

ST90A Film 25 and 26 (EK2424 — B/U IE) proved to be dark-toned 
and excessively grainy resulting in total loss of fine detail visible in 
other films. Sensor Performance Report (llSC-05528) Yol, 1 (S190A) 

September 6, 1974 page 3— 7h notes under Sl— 3 environmental effects on 
photography " the 2424 film showed the greatest degradation of the 
four film types. This consisted of a speed loss of approximately one f 
stop, a noticeable decrease in the maximum density and an increase in fog 
of about ,22 density units’ 1 , 


*»! 
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Both the S190A colour IR film (No 2?) and colour film (No 28) 
received from NASA appear to be excessively grainy. The MSA report (ibid) 
notes that both films suffered an effective speed loss of approximately 
one half f Btop 0 She colour infrared film suffered a decrease in maximum 
density; the colour film had no significant reduction in maximum density* 

The first SI 903 imagery received, while providing the best physical resolution 
by far, was very poor in colour fidelity. The lil 000 000 contact size 
colour transparencies were excessively blue to purple, and the forested areas 
were completely lacking in detail and contrast* The later material from 
S190B (1:500 000 colour transparencies) vas considerably better, however 
reproduction problems prevented any useable imagery being available before 
the forestry study was finalized* Inherently the S190B imagery was far 
superior to all other EREP photographic imagery and should have been the 
best medium on which to work* 

In the CSIR0 Bivision of Mineral Physics Laboratory it was found that 
photographic processing equipment was incapable of preserving the resolution 
of the S190B photography* Belays in production of copies to desired standards 
resulted until the cause was eventually traced to vibration due to air 
turbulence in the cooling system of the enlarger. 

Annotation problems 

A problem of annotation was encountered during geological evaluations. 
The 24 cm x 24 cm format (2x enlarged) S190B photographs can be comfortably 
studied under a mirror stereoscope. The actual photograph scale ( 1:474 000) 
however is too small to allow accurate manual annotation of the detail that can 
be observed using the 5 X oz? stereoscope binocular magnification. Therefore 
the accuracy of any map thus produced will be limited by the annotation scale 
irrespective of the interpretation scale. 
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While the problem did not really affect the Sky lab evaluation 
it is recognised that any future detailed photogeological mapping from 
the photographs would have to take this problem into consideration© Use 
of enlarged photographs (eg lOx) or stereo plotting equipment - neither of 
which are entirely suitable for efficient photogeological interpretation - 
may have to be considered# 

Use of colour additive viewer 

The absence of corner narks on the 5l90h photographs makes it 
difficult to bring them into register# The 70 mm copies received are 
affected by small differences in dimension so that satisfactory register 
could be obtained only over areas not exceeding about l/lO of a frame at 


a time© 



19 


6. DISCIPLINE REPORTS 
6*1 FORESTRY 

History of the investigation 

The forestry investigation aimed to evaluate the usefulness 
of Skylab photography in forest resource assessment* Australia does not have 
a standardized national forest inventory bystem although the development 
of a system is currently under active consideration* Satellite imagery or 
photography appears to offer considerable potential in the early stages of 
planning an inventory and in providing a base for subsequent detailed sampling. 
The investigation therefore concentrated on the likely contribution of Skylab 
or similar types of photography to an inventory system* 

Previous forest inventories have been mainly timber inventories 
but with the growing demands being made on forests to provide non-timber 
values such as recreation, water production, wildlife habitat, etc* these 
aspects were included in the approach* In other words more emphasis has 
been placed on the recognition of ecological or pure vegetation boundaries 
rather than on timber production type boundaries* 

Additional aspects such as forest fire area determination were 
also considered but were treated as incidental values rather than primary 
ones* 

The investigation took the form of office interpretation and 
general examination mainly on one frame in the Snowy Mountains and South 
Coast of N.S.W. A brief field visit was made in August 1974 ® Following 
more intensive examination and selection of detailed test sites a further* 
field visit was made in March 1979 to verify forest stratification and other 


observations 
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Techn iques and procedures 

Conventional interpretation methods were employed exclusively 
including the use of simple lens stereoscopes and magnifying viewers* All 
investigations were conducted on transparencies which were considered to 
provide the best possible resolution and colour fidelity (where appropriate)* 

Summary of ground truth activities 

There was no aerial survey or collection of ground data by 
field visits at the time of the EKEP pass in August 1973° 

Information which has provided the basis for the investigation 
consisted of: available topographic maps in the National Mapping series; 

a Forest Resources map at a scale of 1:1 000 000 recently completed on the 
basis of available information and interpretation of conventional aerial 
photography; aerial photographs mainly at a scale of 1:80 000 taken up to 
5 years prior to the EREP pass; and local knowledge. 

As mentioned under "History" , two specific field visits were 
made to selected areas containing a range of forest vegetation types or 
exhibiting unusual patterns. 

Landsat-1 imagery obtained in December 1972 and January 1973 
provided some of the most useful comparisons. 

Results and findings 

A serious but unavoidable factor which materially affected the 
investigation was the fact that the area of Australia covered by the EREP pass 
included only limited areas of commercial forest and some of these were obscured 
by cloud. In the cloud free areas however the forest types are few, with species 
or species associations occurring over extensive areas. As these lend 
themselves particularly well to delineation at satellite imagery scales, they 
do not provide a comprehensive testing ground. 
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'PhD simplest possible delineation is that which provides a 
differentiation between forested and noil-forested land* All classes of 
ERSP photography, with the exception of the two near infrared black and white 
films, were satisfactory for this simple delineation* The clearest photography 
was that, provided by the SI 903 camera and in spite of the lack of contrast 
within the forested areas the most detailed interpretation of fores t/non-f Orest 
boundaries was possible on this film* The colour III film in S190A was 
particularly good in this separation especially where the areas were isolated 
and small c The colour film from S190A was lover in resolution than the 
colour film from SI 90S when photography at the same scale was compared* This 
was attributed at least in part to the different degree of enlargements 
involved in bringing both images to the same scale* 

The B & W infrared photography from S190A is of little value in 
vegetation classification since most \'egetation tyrr 're high reflectors 
of IR radiation* Detailed forest/ non-forest boundaries were not readily 
determined on this photography* 

It would be of considerable value to be able to broadly stratify 
the native forest into species associations from satellite or very-small-scale 
aircraft photography as a basis for further detailed sampling* The ability to 
carry out even a simple classification over large areas imaged at the same time 
with consistent illumination is a most desirable aim in any forest assessment* 

Colour photography from S190A, particularly from the colour IR 
film showed variation in colour and density which v/aa directly correlated with 
the occurrence of different forest types* The boundaries were not as clear 
as those exhibited by a colour composite from bands 4» 5 and 7 of a Landeat-1 
mid-summer image* The interpretation was further complicated by the cover 
of snow on the high mountain areas as the Bley lab photography was obtained in 


late winter 
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The group is confident that, with summer photography and the 
resolution capacity of the camera used in the S190B experiment, coupled 
with the use of colour IH film, reliable mapping could be carried out for 
a number of types in the native forest area. 

Because the native forests are generally dominated by species of 
xlucalyptus and up to 20 species may occur in the one area, species or species 
association mapping from small scale aerial photographs is not possibles 
Relatively extensive pure stands of single species however occur sometimes 
in the south of the continent and delineation of these types can be 
achieved. In the test area the structure of the forest types is relatively 
simple and this has contributed substantially to the successful delineation 
of types on the Sly lab photography. 

In other areas, such as on the north coast of Hew South Wales 
where the forest types are more complex and their occurrence is in a more 
detailed mosaic the same conclusions are almost sure not to apply 0 On Land- 

sat- 1 imagery of coastal areas, a breakdown into associations or types is 
generally not possible with visual interpretation techniques. 

The best different iat ion of types occurred where this was related 
to abrupt changes in topograpliy and aspects It was simpler to differentiate 
between non-forest, low density forest and medium density forest, than between 
medium and high density forest. The colour IR film was the best medium 
for the separation of the high density forest from the other forest types 
as the former was characterised by a bright red colour a3 compared to a red 
brown or muddy colour. 

Generally speaking most of the high productivity forests were 
high density forests, however there was one notable exception. What is 
probably the most productive eucalypt forest in the area has been managed 

and controlled for more than 40 years but it did not show the characteristic 
red colour of the dense forests. In this case it was conceded that the 
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reason for the anomaly v/as that the dominant species, Eucalyptus 
delegatensia . is characterised by relatively thin crowns with the leaves 
hanging vertically® The typical under storey in. the forest is a low 
xeromcrphic shrub and grass combination which in winter would naturally be 
quite low in IR reflectance, and it would contribute little to the overall 
density of the colour IR film® 

Plantations of conifers are readily recognised on the colour 
and colour IR films once they achieve an age where the density of the canopy 
is sufficient to register® The density and colour of older plantations is 
generally darker for colour film or brighter red for colour IR film and 
is readily distinguishable from even the high density native forest® The 
ordered layout of the area is also indicative of plantation activity® 

The location and extent of plantation areas is not likely 
to become a routine aspect of interpretation of satellite pictures simply 
because plantation management dictates intensive information from the stand® 

Two major wildfires occurred in the area covered by the EREP 
pass during the previous summer season. There was little indication on 
the Sky lab photography that such fires had occurred apart from a slight blue 
green tone on the colour IR film in an area which was known to have been 
back- burned in an effort to control the major fixe. Much of the eucalypt 

r 

forest has a remarkable ability to recover from fire by producing new shoots 
and it appears that a period of 6 months after the fire is all that is 
necessary to provide the forest with a reflective canopy equivalent to 
that existing before the fire. The new crowns are largely made up of 
epicormic growth and are vigorous, and if the season is favourable can 
produce the same reflectance patterns as existed previously. This is 
particularly interesting as the signs of past fires such as dead crowns 
and old stag headed trees are readily visible for many years on 
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conventional photography * 

The Landsat-1 imagery available of the test area b panned 
the period of the fires and their progress and final burned areas v/ero very 
clearly indicated* Unfortunately winter 1973 Landsat-1 imagery of the area 
is not available* 

In viev; of the fact that there are no definite plans to launch 
further manned satellites in order to obtain photography similar to that 
obtained by the Skylab missions, it is unlikely that hard copy photography 
at scales as small as 1 : 3 000 000 to 1 : 1 000 000 will he readily available 
in the future* 

One point which ^ very clearly from the Skylab experiment 

and other research is that there is considerable value in obtaining photography 
at scales from 1:250 000 to 1:1 5° 000 from aircraft. At the present state of 
the art, airciaft are available to fly at altitudes of 20 000 metres and with 
super-wide angle lenses can be expected to achieve such scales* The 
advantages of broad area coverage would be realised with the detail and 
resolution of metric quality cameras. 

A combination of Landsat-1 imagery and colour or colour IH 
photography at ’1:250 000 scale would be a most satisfactory combination* 

Conclusions 

1 * All EliEF photography except that on the two black and white 

infrared films was satisfactory for forest/ non-forest delineation* 

2* The particular S190B photography was clearest but lacked 

detail in forested areas - further subdivision into forest classes was not 
possible. 

5* S190A colour IS film permitted separation of native forested 

areas into 3 crown density classes and delineation of major forest species 


associations 
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Black and white IK films were of little value in vegetation 


classification in native forests. 

5® Separation of forest typos (density or species associations) 

was more easily carried out on summer Landsat-1 MSB colour composite 
images than on winter Skyiab photography. 

6 c Summer photography with colour IR film in the S190B camera was 

judged to have the greatest potential for forest class ificatiorje 

7« Species associations in areas outside the test area are not 

expected to yield such acceptable results where the forest types occur 
in mosaic patterns and extensive pure stands are not generally present 0 

8c Plantations of exotic conifers are readily recognised on the 

colour and colour IR films once they achieve sufficient canopy density 
to register - this is directly related to the species, age of plantation 
and degree of thinning. 

9 o Photographs at very small scales (either from 

satellites or high flying aircraft) are of considerable value in forest 
inventory as an early stage in sampling designs (i.e. as a basic 
stratification medium) * 
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6.2 GE0L0G1' (BKifi) 

Techniques and procedures 

To keep the geological evaluation of SKYLAB as objective 
as possible examination and interpretation of tile EEEP photography was 
initially carried out without reference to available ground data. However, 
each interpreter already had some familiarity with the general geology of 
the area he was studying. 

Interpretation was carried out on positive transparencies (the 
; location of their centre points is indicated on Figures 2 and j) illuminated 
by fixed intensity (fluorescent tube) light tables. Mirror stereoscopes 
with milt-in 1 x and 1.8 x magnification and accessory 3 x and 8 x 
magnification binoculars were used. 

Conventional principles of photogeological interpretation 
\tj re applied in the examination of the photography. During interpretation 
attempts were made to differentiate, delineate and correlate rock units 
and identify rock structures such as trends (foliation in metamorphics, 
bedding in sediments), folds, faults, joints and dykes. 

Interpretation details were annotated in ink with Rapidograph 
pens (0*2 mm tubular nibs) onto "clear’-clear” acetate film overlays. 

After completion of the interpretation the results were 
compared by superimposing the acetate overlays can published geological maps. 
Any scale adjustment necessary was carried out by optical projection. All 
geological maps used in the comparison were originally prepared with' the aid 
of panchromatic air photographs. Major differences between the SKYLAB 
‘ interpretation and map data were further checked against other available 
ground data and vertical air photography at 1i85 000 scale or larger. 

Many interesting features , such as the distribution of outcrops in sand 
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plains and in forest- or scrub-covered areas, the location of travertine 
outcrops j, the morphology of sand ridges, and the nature of circular linear 
features, were checked on air photographs « 

In the Alice Springs area the interpretation was commenced 
on S190B photographs, then completed on S190A photographs, and finally 
compared with information from Landsat-1* 

In the Snowy Mounta ins area, the S190A photographs were examined 
first, in this order: film number 28 (true colour), 29 (panchromatic), 30 

(panchromatic), 25 (B/w IR), 26 (b/w IK), and 27(colour IR). Films 25, 26, 29, 

p 

and 30 were also studied in an I S colour additive viewer, but no additional 
information could be found, Then the S190B photographs and landsat-1 images 
were studied. Finally the three interpretations were compared, 

A statistical analysis was carried out on straight and slightly 
curved linear features annotated on the S190A and B photographs. Details 
are given in the sect:" 1 Linear features analysis - 6.2.2* 

SnTnmary of ground truth activities 

Ho field work specifically to check Skylab interpretations 
was undertaken. Comparisons were made with the referenced geological maps, 
which are based on field traverses aided by aerial photographs mainly at . 

■ scales of 1:50 000 and 1:80 000. 

Results and findings 
6.2.1 Alice Springs area (Site 204952) 

2 

SL3/SI9O photography of approximately 85OO km in the vicinity 
of Alice Springs was studied in detail. The area selected (Fig. 2) was 
part of an irregularly shaped cloud gap having approximate Gorner co-ordinates: 
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lat » 23°30 , S 

long* 133°10’E 

\ 

23°50* 

134°25’ 


24°25 T 

134°25 f 


23°55* 

133° 10* 


The following Skylab photographs were examined: 

SL3/S190A - Film: RL's 25 , 26, 27, 28, 29, 30 
Frames: 162, 163, 1 64 * 

SL3/S190B « Film: R b 84 

Frames: 122, 123, 124, 125 

The SL4 photography was not evaluated because of extensive 
cloud cover over the area at the time of the overpass* However it was 
noted that the terrain detail in cloud gaps wa-s visibly clearer on 
SL4/S1903 photography than on SL3/S 1903 photography. 

Climate 

The whole of the area is arid* Alice Springs, in the central 
north of the area, has an average annual rainfall of 252 mm (Perry et al*, 
1962)* Most of the rain falls between October and March, but, because of 
its sporadic nature there is no definite growing season* 

Vegetation 

The vegetation includes grass, shrubs and low trees* Bucalypts 
are rare and acacias are the most common trees and shrubs* Spiny plants and 
succulents, common in overseas arid areas, are not important here* More 
comprehensive data on vegetation are reported in Perry et al* ( 1962 )* 

Shadow effects on Fig. 5a allow some appreciation of the topography 
of the area studied (time of photography 0242 hrs. CMT, 1212 hrs Australian 
CST August 12, sun elevation angle approximately 55 °)'-- 
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The central part of the area xb occupied "by sand and alluvial 
plains at elevations between 540-590 m a,s.l» Aeolian dune development 
increases to the southeast*, 

To the east and west of the plains, folded Palaeozoic sediments 
display well developed strike valley, cuesta and hogback morphology 
with peaks up to 200 m above plain level * 

s 

The northern part of the area consists of an east-west trending 
zone of ranges and hills within which arid erosion processes have developed 
excellent rock exposures* Folded quartzites form crests up to 70° m above 
plain level, whereas most of the crystalline and metamorphic roclcs of the 
ranges have subdued relief* 

Kajor drainage throughout the area consists dominantly of 
consequent streams which are part of a regional internal drainage network* 
Subsequent streams are well developed in areas of sedimentary rocks* 

General geology 

The investigation area covers part of the Amadeus Basin, 
originally an east-west trending intracratonic depression approximately 
800 km long and 200 km wide, within the relatively stable Australian 
Precambrian- Shield* The crystalline basement comprises orogenically 
deformed igneous and metamorphic rooks known as the Arunta Complex* The 
basement roclcs are unconformably overlain by the Amadeus Basin sequent of 
Adelaidean (Late Proterozoic) and Palaeozoic (Cambrian, Ordovician) sediments, 
which, have been deformed by epeirogenic and orogenic movements* The 
distribution of the main rook types is shown on Figure 5h» The ’1:250 000 
scale mapping (Cook, 15*58, 1969 , Quinlan &• Forsnan, 1968 , Wells, 1969 ) was 
concerned primarily with the sedimentary basing and lithological subdivision 
of the Arunta Complex was not attempted* Similarly only limited 
subdivision of Cainozoic surficial units was attempted* 
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Results 

Structure 

Foliation* In the metamorphic terrain of the Arunta Complex 
in the northwest of the area studied (Fig* 5”b) , the strike of metamorphic 
foliation can he mapped to the accuracy shown on published 1:250 000 
scale maps 0 Foliation dip direction can he determined in only a limited 
number of places generally where it3 influence on topography can he 
detected by stereoscopic viewing* 

Bedding* Within the rut cropping Proterozoic and Palaeozoic 
sedimentary sequences bedding traces and strike direction can be readily 
identified. This is primarily due to the effects of erosion on rocks 
of different resistance* Since different rocks of the area often 

display different natural colours the colour photography is more useful for 
detecting bedding than panchromatic copies* Kip direction can be readily 
determined and dip values of well developed cuestas and hogbacks can 
normally be estimated to within + 10° of published field measurements* 

Fo lding * Since the strike and dip directions can be readily 
determined it follows that the positions of fold axial traces can be 
interpreted. 

With the exception of the axis of Orange Creek Syncline — which 
could not be positioned because of cloud cover over the southern limb - 
all fold axes on Fig. 5b could be independently identified and accurately 
positioned from Skylab photography* 

Faulting * Dexection of faults was not as successful as expected. 
Some transgressive faults in well exposed terrain could be definitely 
identified* Faults such as those 10 km north of Teresa anticline (Fig* 5b) 
in the southeast of the areaj could be inferred T but do not display 
sufficient photo evidence to allow positive delineation* hone of the strike 
or near-strike faults (e.g* near Blatherskite Nappe) could be detected* 
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No new faults of major significance were identified., although 
some new faults were located in the Arunta Complex rock in the northeast 
of the area* 

Lineaments , Numerous photo lineaments can he detected by 
employing the techniques of both vertical stereoscopic viewing and low 
angle monos copic viewing* 

Since only a limited area was available for study and problems 
arose from the presence of scattered cloud and cloud shadows, no intensive 
study of lineaments was undertaken* 

Host lineaments were detected throughout the plain areas of 
Quaternary alluvium, sand etc. (unit Q on Fig. pb) . The lineaments do 
not correspond with any structures on published maps and they are believed 
to be expressions of mega- joints, Where lineaments can be traced through 

well exposed Proterozoic and Palaeozoic sediments there arc no detectable 
dislocations of the bedding, which suggests that most lineaments are unlikely 
to be expressions of faults. Similar observations were noted during studies 
on Landsat-'l lineaments of the Alice Springs area (Maffi et al„, 1974). 

SL3/"3190A Film RL29 (panchromatic) proved best for detecting 
lineaments. Approximately twice as many lineaments were detected on the 
Skylab SI 9 OA photography as on Landsat imagery of the same area at the same 
scale* ' This can be largely attributed to the greater resolution of 
Skylab photography* Less than 5^ of the Skylab lineaments coincide in 

whole or part with Landsai lineaments* In some places fence lines could 
be identified on Skylab because of marked vegetations! and/or tonal 
differences on either side of the fence* Where tonal differences are 
less marked fence lines may be mapped as lineaments. 

Joints* Hock exposures throughout the region studied do not 
contain any extensively developed joint systems* The jointing that is 

present can be mapped on S1503 photography in equivalent detail to that 
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shown on published 1:250 000 maps of the area. 

Dykes » Numerous dolerite and pegmatite dykes intrude the 
Arunta Complex, At least 50$ of the dolerite dykes shown on Fig, 5b 
could he independently identified and annotated in whole or part because 
of their width (up to 25 m) , high colour contrast and transgressive nature, 
Dolerite dykes in areas of dense topographic shadows or with trend 
directions similar to the surrounding geology cannot be reliably detected. 
Light-toned porphyry dykes do not have sufficient width or tonal contrast to b 
identified, 

Heck Tyne Discrimination 

Precambrjan metamorphics . On SI 90S photography regions of 
Precambrian Arunta Complex metamorphics could be reliably differentiated 
from Proterozoic and Palaeozoic sediments (Fig» 5b) * 

Owing to hardness differences and tonal contrast, the 
distribution of the quartzite and schist unit (Fig, 5b) within the Arunta 
Complex could be annotated, but no further reliable subdivision of the 
metamorphics was possible. Some areas of different metamorphic rook 
types could be recognized, but the boundaries between such areas could 
seldom be continuously annotated* 

Proterozoic and Palaeozoic sediments ,, The Proterozoic and 
Palaeozoic sediments cannot be differentiated from one another by 
photogeological oriteria alone. Throughout tike sedimentary terrain it as 
generally possible to photo- interpret bedding and dip information and 
different rock criteria, thus allowing reliable subdivision of, and 
correlation between, individual exposures. As with conventional aerial 
photography photo interpret at ion subdivision ixyifc© exactly the same units 
as shown on published maps would not be possible without additional field 
data* However, once unit boundaries had been established at kej' - locations, 



27 


extensive preliminary subdivision of the sedimentary sequence throughout 
the area could be done on S 190 B photography with little additional ground 
data. 

Cajnosojc surficial materials . The geologic and geomorphic 
information about surficial materials that could be recognised on 51903 
photography was greater than expected. For this reason emphasis was 
placed on evaluating the reliability of photointerpretation of seven 
subdivisions of Cainozoic surficial materials. 

The independently photointerpreted map (Fig. 5 °) at 1:500 000 
scale was initially compared against 1t250 000 scale published maps,. For 
convenience part of the published 1;500 000 scale map (Fig. 5b) of Wells 
et al« 1970 is used in this report. Although the 1:500 000 scale map 
naturally shows less information than the 1:250 000 scale maps from which 
it v?as generalized, some information (e.g, Qt) represents the total 
distribution from all publications. 

The map of the Skylab interpretation (Fig. 5 C ) must be regarded 
as generalized also and does not represent the maximum amount of information 
that can be interpreted (see Section 5*4* PjrhbXema Encountered ) * 

Figs. 5'b and 5c show boundary differences which are due to generalization 
during compilation of both data sources. One example is the boundary 
between Fzp and Q (Fig. 5^) and h and c (Fig. 5c) to the southwest. of 
Ooraminna Anticline. 

For completeness some published information about lithology 
and ages was added to the reference to Fig. 5° shown in Fig. 4« 

The attempt to differentiate pre-Cainosoic rocks (unit h on 
Fig. 5 °) from younger rocks was reasonably successful. Differentiation 

was more accurate where topographic differences were greatest, e.g. 
between sand plains and strike ridges. An area of disagreement betvieen 
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published and interpreted geology occurs along the northwestern edge of 
the Waterhouse Range Anticline (Pigs. 5b, c) . Examination of 1:25 000 
scale colour aerial photographs taken in 1973 shows that although the area 
marked Pzm on Pig*. 5b does contain rock outcrop it is dominantly Band 
covered and thus the Skylab interpretation is more aOeurhte. 

Two early Cainoaoic units were interpreted*. Their age, relative 
to other units, was judged on the basis that both units are unconformable 
on older rocks and both occur as remnants of more extensive deposits „ 

In the northwest of the area unit g (Fig* 5 G ) i s interpreted 
from position and morphology to be remnants of fan deposits,, Comparison 
with unit T (Fig* 58) shows that approximately 70/J of the unit was correctly 
identified on Skylab and that some boundary positions could be improved 
by the use of the space photographs* 

In the central and eastern portions of the area a flat-lying 
unconformable unit (f) was delineated* In general there is poor agreement 
with outcrops of unit T of the published geology,. Reference to published 
1:250 000 scale maps (Wells, I 969 , Cook, 1969 } shows that at the larger 
scale the outcrops of T are subdivided into two separate types of 
Tertiary rocks; silcrete, and freshwater sediments (consisting of 
chalcedonic limestone, sandstone, silts tone and claystone) „ When compared 
against these subdivisions essentially all unit f interpreted from Skylab 
photography corresponds to the freshwater sediments* 

With the exception of the sediments 5 km northwest of Teresa 
Anticline, all other areas of T (Fig, 58) that, were not detected on Skylab 
photography correspond to Tertiary silcrete* Non-detection of the 
sediments near Teresa Anticline was due to the presence of trends parallel 
to the pre-Cainoaoic rock and the absence of light toned scree and alluvium 
which is characteristic of the other areas designated as f. 
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North of Ooraminria Anticline the interpretation of Pam (Fig* 5"b) 
as unit f (Fig. 5c) iR due to cappings of Tertiary silcrete over the Pam* 

The independent interpretation of t\fo different (Tertiary) 
units of fan material and sediments was reasonably successful. In 
this particular case the ability to detect and differentiate the units on 
Skylab photography has benefits of possible economic significance since boih 
units are potential sources of secondary uranium mineralisation. 

One other Cainozoic rook (travertine) is also a possible source 
of secondary uranium mineralization. Areas of light grey colour (unit e) 
were interpreted as travertine from Skylab photography and these correlate 
well with the known areas of travertine (compiled onto Fig. 5h from Cook, 
1969 ). On conventional (l:50 000 and 1:80 000 scale) panchromatic air 
photographs travertine often cannot be differentiated from light toned 
units. Despite the difference in scale the rather distinctive hue of 
travertine on 51903 colour photographs allows more reliable identification. 

Although. the generalised published 'geology at 1:500 000 scale does 
not show subdivision of the Quaternary, the 1:2p0 000 scale map of the area 
shows at least thi'ee subdivisions; alluvium, including river gravel; 
aeolian sand; conglomerate and scree. 

The independent interpretation of Skylab photography indicates 
that the distribution of aeolian sand and stream alluvium can be mapped in 
considerable detail. Interpreted aeolian sand includes all areas of 
recognizable dune development. To the south of Ooyamimia Anticline an 
extensive area of reticulate dunes can be identified on Fig» 5a by the 
dark speckled pattern of vegetated swales. Individual dune crests can be 
identified by the light-colour of the mobile sand. The reticulate dunes • 
are up to 12 m high and consist of braided sand ridges or connected smaller 
dunes (Ferry et al. 1962 ) . 
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Stream alluvium (unit a on Fig. 5 C ) was differentiated on the 
"basis of texture and position relative to drainage channels. Areas of 
surficial material which .could not "be readily classified as eitJxer omit 
c or a were placed into unit d (undifferentiated sand and soil) . Published 
geology (Wells, I 969 ) indicates that the interpreted unit d consists 
predominantly of alluvium although there is sufficient evidence on Shy lab 
photographs to differentiate this alluvium from active stream alluvium. 

Where colluvial fanB are immediately adjacent to high topographic 
features the boundary between surficial material and Fre— Cainosoic outcrop 
is difficult to interpi’et. Unit b includes areas of alluvium and colluvium 
associated with presently active depositional fans. Such areas could not 
be consistently differentiated ftfom units a or c. 

Table 3 

happability of geological features on SL 3 /S 190 A 
photography compared with 3L3/S19® photography 

(G ~ Good, F *- Fair, P - Poor, KD - Not Detectable) 


SL3/S190A Films 
(Spectral Range - micrometres) 

25 

.7—8 

26 - 
. 8- <,9 

27 

.5-. 88 

28 

.4—7 

29 

.5-o6 

30 

.6-. 7 

a - stream alluvium 

P 

F 

F 

P 

l 5 

p 

b — colluvium, alluvium, active 

i® 

P 

P ' 

F 

G 

P 

depositional fans 
c - aeolian s'and 

HD 

ND 

F 

P 

F 

1® ■ 

d — undifferentiated sand, soil 

P 

P 

G 

F 

P 

P 

e - travertine 

lffi 

1® 

G 

G 

1® 

F 

f - Tertiary sediments 

I® 

HD 

P 

P 

1® 

P 

g - Tertiary gravel, conglomerates, 
fan detritus P 

P 

F 

F 

F ■ 

F 

h ~ Pre-Cainozoic boundary 

P-F 

P 

G 

P 

F-G 

F 

Archaean rock subdivision 

P 

P 

P 

P 

F 

P 

dykes 

P 

P 

P 

F 

F 

F 

faults 

P 

r 

F 

F 

F 

F 

bedding 

F 

p 

G 

G 

G 

G 

dips 

P 

p 

F 

F 

G 

G 

fold axes 

F 

p 

F 

G 

G 

■ F 
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Comparison of GhV S190A e.nd SL3/S19QB photography 

Features categorized on 1:500 000 scale 3190B photography 
were examined' stereoscopically on 1:1 000 000 3190A photography with 3X and 8X. 
magnification. 

As set out in Table 3 the ability to map geological features 
on S190A photography was graded as good (g) , fair (F) , poor (l), or not 
detectable (ND) compared to the 31903 photography which was regarded as 
optimum. 

I-oor results from films 25 , 2 6 (b/W IR) can be attributed 
in part to excessive density and grain. Both the colour and false colour 
infrared films (27 and 28 respectively) contain significant grain effects 
which are visible on 3X enlargement. Because of the different film defects 
mentioned above no meaningful comparison can be made. An overall 
comparison of the films (irrespective of defects) based on interpretation 
of the fourteen geological features examined would rate them in decreasing 
order of xitility as: 


Film 27 (2443 - Colour IR Filter 

JTJ - Spectral Range 

. 5~* 88 

micromet 

res) 

Film 28 (S0356 - Colour 

»i 

1*F - " v 

c— 

. 

t 

. 

II 

) 

Filin 29 (30022 - B /\i Fan 

11 

AA - " » 

.>.6 

11 

) 

Film 30 (S0G22 - 3/d I an 

If 

BB - " " 

.6 — .7 

If 

• ) 

Film 25 (2424 - B/W IR 

11 

CC - " " 

n O 

« , • 1 > 

- 

) 

Film 2 6 (2424 - B /W IR 

11 

1)1) - " " 

. 8— *9 

11 

) 


In general the colour and false colour infrared photographs 
allowed more reliable geological interpretation than any of the black and 
white films. 

Compej*gon of SL3/S1P0 photography with Landsat-1 Imagery 

All four bands of fifth generation positive film transparencies 

2 

of Landsat-1 scene 1210-0031 5 were examined individually, and in an I 3 
colour additive viewer at 1:1 000 000 scale, in an attempt to detec!. t;ie 
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geological features listed in Table 3_ Some features could be recognized, 
however the mappability of features on Landsat-1 imagery compared to SI^UB 
photography would be classified as either- very poor or not detectable* 

Thus for general geological interpretation the fifth generation Landsat-1 
imagery is regarded as inferior to all types of Shy lab SI 90 photography * 

Conclusions 

In the Alice Springs area the evaluation of Sky lab S1903 colour 
photography indicates that: 

— differentiation and correlation of broad rock subdivisions, 
rook trends, joints, and fold axial traces can be interpreted with an 
accuracy equivalent to that shown on 1:500 000 scale published map of the 
area. 

— ground data from a limited number of selected key traverses 
vjould allow reliable and rapid 1:500 000 scale photogeological mapping of the 
sedimentary sequence* 

only the major transgressive faults and dykes can be recognised* 

— phot oinfcerpretat ion of Quaternary surficial materials is 
sufficiently reliable to allow extensive updating of 1:250 000 scale 
geological maps* 

— travertine occurrences can be more readily mapped than on 
larger scale panchromatic air photographs* 

— in similar arid terrain the S190B colour photographs could assist- 
in the programming and execution of reconnaissance geological mapping vrojo .l.; 

— such photographs are more useful than 0190A photographs or 
Landsat-1 imagery for reconnaissance geological mapping* 
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6.2*2 Snowy Mountains area (Site 204954) 

Topography and physiography 

The Snowy Mountains (Fig. 7) are the most prominent feature 
in the area. They form a plateau which, in several places, rises above 1800 
in a.s.l. and which tops 22J0 m at Mt Kosciusko, the highest mountain in 
Australia. The eastern and western slopes of the plateau are deeply 

dissected. The Murray River system drains the vie stern slope? the point 

where it flows out of the area is 265 ci a.s.l. The eastern slope is flanked 
by tablelands of 1500 to 730 m elevation. North of the tablelands, the 
rugged Brindabella-Bimberi Range rises to 1900 m at Bimberi Peak, and the 
Tinderry Mountains reach 1600 m. The southern margin of the tablelands is 
deeply incised by the drainage system of the Snowy River, whose lower point 
in the area is about 200 m a.s.l. 

The climate ranges from temperate highlands type at Cooma to 
alpine mountain type on the Snowy Mountains. The average rainfall is 48O mm 
at Cooma, and 12J8 mm near Mount Kosciusko (Bureau of Meteorology, 1956). 

General geology 

The oldest rocks exposed in the area are Ordovician and 
Silurian sandstone-shale sequences (0s and Ss in Fig. 6b), and some rooks 
belonging to the Ordovician metamorphic belt of Victoria (0m). The deforsatior 
of these rocks is due to several compressive episodes which started at the end 
of the Ordovician (Benambran Orogeny) and continued intermittently until the 
Carboniferous. 

Thick sequences of middle to late Silurian acid volcanics (Sv), 
with minor interbedded sediments, are distributed in north-south trending 
belts. These belts are bounded by granite batholiths of late Silurian to 
early Devonian age (l). The intrusive rocks are present in the horsts of 
' horst-and-graben structures, whose predominantly meridional orientation was 
probably controlled by east-west compressive forces during the Silurian and 
Devonian periods, culminating with the mid-Devonian Tabberabberan Orogeny. 
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East of the Great Dividing Range in the eastern corner of 
the area (Fig. 7)* the structural style consists of fold belts separated 
by north-south trending faults. 

Devonian volcanics (Dv in Pig. 6b) , possibly extruded along 
the major longitudinal faults, crop out in the grabens. llltramafic 
rocks (Du) crop out in a northerly trending belt which extends for about 
50 km outside the area. In the eastern corner of the area, Devonian 
molass e-like sandstones (Ds) crop out in a narrow meridional syncline, 
formed during the Kanimblan Orogeny of Early Carboniferous age. 

Tertiary volcanic rocks (Tv) and 'Tertiary sedimentary clastic 
rocks (Ts) are scattered in the central part of the area* South of Cooma, 
the Tertiary volcanics cover several hundred square kilometres* 

Many of the Siluro-Devonian faults were rejuvenated by the 
Late Tertiary Kosciusko uplift. 

CainoSoic deposits (Ca) cover the floors of some of the 
present valleys. 

The known dominant structural trends in the area (E. Scheibuer, 
pers. comm.) are; 

a) North-south and north-west - south-east r. old trends, 
associated respectively with thrust faults and with left lateral trans current 
faults active during the Banambran and Tabberabberan Orogenies. 

b) East-west to northeast - southwest s young trends, 
associated with Mesozoic intrusions and Cainozoic volcanism* 

Results 

Rock type discriminat j on from S190A photographs 

Film number 28 (0.4 - 0*7 jum, Colour) 

In general, colour, morphology and vegetation do not appear 
to be directly related with rock type; in places, different rock types are 
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represented with similar characters* For example, in figure 7a; 1 (Os) 
and 2 (X); 3 (Sv) and 4 (l) I 5 (Os) and 6 Cl); 7 (Sv), 8 (Ss) and 9 (Ds); 
10 (Ss), 11 (Dv), 12 (Os) and 13 (l) ; 14(l) , 15 (Oa) and 16 (Om) ; 17 (Os) 
and 18 (i); 19(Tv) and 20 (l)j 21 (Os) and 22(l)« Or, the same rock 

types may he represented with different characters in different places ■> 

For example, in figure 7a; X at A, B and C; Os at D, 2 and F; Os at G 
and Hj I at J and K; Sv at L and Kj Sv at K and P; Ss at Q and K; 

Os at S, T and U; I at V and W* 

In some places, changes in vegetation, relief and texture do 
coincide with known geological bound- 1 cios . ‘Jx.unpleo of this are, in 

figure 7at a, between I and Sv; b, c, d, e, f and g, between I and Os; 
h, between Ss and Os; i and j, between Tv and Os; k between I and Os* 

But, in the interpreter's opinion, there is no way of telling, from the 
images alone, where this coincidence exists or, when the coincidence is 
known to exist, where it begins and ends* ^he interpretation of air 
photographs at 1:50 000 and 1:85 000 scale did not give much better results* 

The Tertiary volcanies (Tv, figure 7 £ 0 generally exhibit a 
darker colour than the surrounding rock types t but the variation is so 
small and gradual that a precise boundary cannot he traced with conventional 
photointerpretation methods* 

Cainozoic outcrops (Cs, figure 7 a ) smaller than 2 km across 
in fairly flat areaB are difficult to distinguish in the image* Large 
alluvium deposits (ill, figure 7a) can be easily mapped* Some river 
terraces (t, figure 7 a ) are visible on the hurray Fiver valley* 

Film number 25 (0«7 - 0-8 jum, 3 A 7 Ik ) 

.In general , same comments as for film 28. 

Medium to high contrast grey tone variations are probably 
related with vegetation differences. 
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Alluvium is very easy to map because of the high reflectivity 
of its vegetation cover, mainly grass; the reflectivity of the cultivated 
areas in the Murray River valley is second only to that of snow. 

Film number 26 (0.8 - 0,9 um. B/W IR ) 

Similar to film 25 » but contrast is poor. 

Film number 27 (0«5 - 0.88 um Colour lit ) 

Alluvium and Tertiary volcanics have unique signatures and can be 
easily mapped? alluvium is imaged in reddish orange and Tv in a 
particular hue of green# Other comments are similar to those of film 28. 

Film number 29 (0°5 to 0.6 run. Panchromatic ) 

High contrast between forest (dark tone) and non-forest (light 
tone). The Murray River alluvium appears dark and is difficult to 
distinguish from surrounding timbered areas* Other comments are similar 
to those of film 28# 

Film number 30. (0*6 to 0*7 Aim, Fanchromatio ) 

Similar to film 29, but the Murray River alluvium can be easily 
distinguished# 

Rock type discrimination from SlftOB photographs 

In most places, the results are similar to those obtained from 
S190A, film 28, photographs# However, because of the high resolution of the 
S190B photographs, landform elements could be studied in greater detail than 
on S190A photographs; this led to the detection, in some places, of patterns 
which are related to rock types. 

Examples are shown in Fig. 8a where A, B, C, D, E, F and G are 
granite; H, I, J and K are 0s; L, M and N are Tv. However, these 
patterns Eire uniform only over small areas; they can be used locally for rock 
type identification, but they cannot be used to extrapolate such information 
to other areas, nor to map rock type boundaries# 

In forested areas, bare and isolated rock outcrops as small 
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as about 30 m across could be detected on S1903 photographs, because their 
light tone contrasts sharply against the dark tone of the trees. On 
S190A photographs, the smallest rock outcrop detected in the same area was 
about 100 m across. In grassland areas the detectability of isolated 
rock outcrops depends on relief and texture differences ; the smallest 
outcrops detected on SI 90S were pOO m across, and on SIJOA 1 km across. 

Faults 

Continuous and discontinuous linear features expressed by 
strong, deeply incised traces in the land surface, or accompanied by 
dislocation of geological or geographical features were interpreted as 
faults 8a) . 

A comparison between the number of faults shown on the 
1;250 GOO geological trap and the number of faults detected by interpretation 
of satellite pictures for the area covered by Fig. 8 is made in Tables 4, 5 
and 6. 


TABLE 4 - HUKBER OF FAULTS FitOH VnKIOUS SOURCES 


FAULTS 

With length ^ 10 km 

With length < 10 km 

Total 

From map 

26 

39 

65 

From LALD5AT-1 

48 

26 

74 

From S19QA 

48 

4 

52 

From S1903 

72 

71 

143 

TABLE 

5 - FAULTS ILTSRf AE'TLID 

OK S 190A L-IOTOORAFIB 


. Known faults in 
area 

Detected on SI9OA 

Undetected 

llev; faults 
interpreted 
on S 190A 


65 


22 


43 


30 
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TABLES 6 - FAULTS IJ-JT^iiTHSTSD 012 S19C3 rHOTOQRAPKS 


Known faults in 
area 

Detected on 519QB 

Undetected 

New faults 
interpreted 
on S1903 

65 

29 

36 

114 

A comparison between the number of 

faults interpreted on 

LAUDSAT-1 images and 

on S 190 B photographs is made in Table 7. 


TABLE 7 

- FAULTS FROM SI 903 VERSUS 

FAULTS FROM LANDSAT-1 

Faults from 
LAHDSA'IM 

Detected on 
51903 

Undetect ed 

New faults 
interpreted 
on S 190 B 

74 

50 

24 

93 


The most interesting points shown by the tables above are: 

(i) Kany more faults were interpreted from SI 9 OB than from any 
other type of image* 

(ii) When the faults shorter than 10 km are excluded from 
computation, the number of faults interpreted from each type of satellite 
picture is greater than that of faults shown in the geological map* 

(iii) Approximately the same number of known faults were detected 

on S190A and on SI 9 OB photographs* Many more new faults were interpreted on 
S1903 than on S190A: this is probably due to the high resolution of 3190B, 

which makes it easier to recognize the faults among all linear features: 
in fact about $($> of S19CB faults are shorter than 10 km (Table 4-)* 

(iv) Almost 70/3 of the LAHD3AT-1 faults were also interpreted on 

SI 9 QB phot cgraphs* 'But the total number of SI90B faults is twice that of 
LAUDSAT-1 faults * 

A comparison bet ween figures 6 b and ~p shows that: 
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(i) Fault AB partly coincides with the Lon;; Plain Fault, but it 
extends for about 70 Jem to the southwest* 

(ii) Tlie northern half of fault CD coincides almost exactly with 
the Cotter Fault, but the southern half diverges from it* 

(iii) Fault EFG coincides with the Hurrumb idgee Fault from H to F 0 
Part FG suggests that the Piurrumbidgee Fault may extend southward, under 
the Tertiary volcanics 0 

(iv) Fault HI partly coincides with the Cooma Fault but it extends 
beyond it for almost 60 ]on in a southeast direction. 

(v) Part J1C of fault JKL coincides with a mapped fault; part PL 

is new. 

(vi) Faults Ml! (herridale Fault), OP, QH and ST are examples of 
interpreted faults which coincide almost exactly with mapped faults, 

(vii) Almost all the known faults which were not letected uii S190A 
and S1903 photographs are shorter than 10 km. 


Linear features analysis 

Natural alignments of landform, vegetation and/or colour, 
continuously expressed for at least 3 tnrn (i.e» 3 km at 1:1 000 000 scale), 
were annotated as linear features. The annotation was carried out under 
the stereoscope, without and with 3 X magnification for the SI 9 OA photographs 
(Figs 7c and 7d) and with 3 X magnification for the H 1 903 photographs (Fig. 6 ^). 


of 22°30 ! 


The linear features were classified into eight 


amplitude, thus? 
Class 1 
Class 2 
Class 3 
Clues 4 


OOO^O’ 

+ 

11°15' 

022°30» 

it 

11°15* 

045 °00' 

Hh 

1 1 ° 1 5 * 

O 67 °30’ 

± 

11°15 > 

090 ° 00 ' 

+ 

11°15* 


aaiimith classes 


Class 5 


41 


Glass 

6 

112°30 1 

± 

1 1 ° 1 5 f 

Class 

7 

135°00* 

± 


Glass 

e, 

157°30» 

4- 



Using the lithological maji (Pig.6b) as a guide, generalized 
boundaries were traced to separate broad lithological units „ The linear 

features of each lithological unit in each azimuth class were then counted. 
Finally polargrapfis were drawn, showing (for each lithological unit and 
for the total area) the percentage of linear features in each azimuth class 
(Figs 9 1 10, and 1l). To emphasize trends, the s;ime percentages were 
plotted on opposite sides of the polargraphs. ho polargraph was made 
for units containing less than 10 linear features » 

The lithological units are; 

A Silurian volcanic rocks 
B Intrusive rocks 

C Silurian volcanic, minor intrusive rocks 
D Ordovician sedimentary rocks - 
E Intrusive rocks 

F Ordovician sedimentary, minor intrusive rocks 
G Several outcrops too small to be separately considered 
H Intrusive rocks 
I Tertiary volcanic rocks 

J Ordovician sedimentary, minor intrusive rocks 
K Intrusive, minor Ordovician sedimentary rocks 
L Intrusive rocks 
M Ordovician sedimentary rocks 
IT Intrusive rocks 

0 Intrusive, minor Ordovician sedimentary rocks 
The following units are similar in composition, age, arid general 
history (S. Echeibner, pers. comm.): A and Gj 3, L and 1T$ D and ho 
F is a mixture of it and 3, G is a mixture mainly of I) and I is 
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Fig, 9 - Azimuth distribution of Linear features from S190A annotated without magnification. 
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Fig.n - Azimuth distribution of Linear features from SI90B annotated with 3x magnification. 
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Cainoaoio; U is Mesozoic; all other units are Palaeozoic* 

Circular features were not included in the statistical 
analysis described above* Their nature was investigated by use of air 
photographs and existing geological maps. 

( * ) Straight . and slightly curved linear features 

In the azimuth distribution of linear features from S190A, 
annotated without magnification (Pig* 9)? the Palaeozoic trends (north 
and northwest) are well represented in the polargraph of the total area and 
in many polargraphs of lithological units e The Mesozoic and Cainozoio 
trends (east-west to northeast-southwest) are present in some of the 
polargraphs of lithological units but are not well represented in the 
polargraph of the total area* ho similarity is visible between polargraphs 
of units having similar rock type, age, and history* Polargraph I 
(Tertiary volcanics) shows the dominant trends of C (classes 1, 3f and 7) 
and of G (classes 1, 3 r and 6); this may indicate that many linear features 
of X are inherited from underlying rocks* 

In the azimuth distribution of linear features from S190A, 
annotated with 3 X magnification (Fig* 10), the polargraph of the total 
area clearly indicates a dominance of the east and northeast Mesozoic 
and Cainozoic trends. With the exception of A and C, polargraphs of 
similar rock units show similar trends (II and K; 3, L and 17; 3 and h) * 

as in Fig* 9t I seems to have inherited features from C and G. 

In the azimuth distribution of linear features from 31903, 
annotated with yx magnification (Fig* ll), the polargraph of the total 
area is inexpressive and no clear relationship could be found between 
polargraphs of the lithological units* The reason may be either a 
flooding of data due to spurious elements Introduced with high -resolution; 
or the. fact that the analysis was carried out on the number of linear 
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features: it is possible that significant results may be obtained by 

analysing their lengths. 

( if) Circular featu res 

The numbers below refer to figure 8 a. 

Circular feature 1 is a large ring dyke. 

Circular feature 2 is formed ~ v a granite body at the center, 
surrounded by a circular ridge formed by hornfels. 

The two circular features at 3 have the same composition as 
2 ? originally they were probably part of a unique circle which was then 
disrupted by a sinistral wrench fault. 

The northwestern quarter of circular feature 4 is visible on 
air photographs and coincides with the curving boundary between late 
Ordovician metamorphic rocks and late Silurian intrusive rocks in the 
Tantangara Is 100 000 geological map* The remainder of the feature is 
unexplained. 

Circular feature 5 is a water course displaced by a landslide, 
clearly visible on air photographs. 

Feature 6 appears formed by circular lineaments on S 190 A photo- 
graphs, but on S1903 the same lineaments appear to be composed by short 
straight segments* On air photographs the area appears crossed by 
a complex pattern of weathered joints, but two concentric rings formed 
by topographic features can be seen. Recent unpublished geological 
mapping has shown that a small granite body, probably a late intrusion in 
the main batholith, is located at the centre of the feature. 

The complex circular feature 7 is perfectly visible on air 
pho+ ngr^phs, with the same pattern as on 31903 photographs. The three 
northern-most rings are remains of Tertiary volcanic centres 5 the southern 
rings are the result of small multiple intrusions that, after recent 
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geological mapping, have been dated Jurassic, 

Features 8 and 3 are clearly visible on air photographs. 

Both are formed by curving granite ridges, probably of the same origin as 
feature 6, 

Comparison between Skylab photography and Landsat-1 imagery 

The results obtained from the lithological interpretation 
of 5th generation Landsat-1 images at 1:1 000 000 scale are very similar 
to those obtained from Skylab 3 l W and true colour photographs. 

The characteristic hue of the Tertiary volcanics on Skylab 
colour lit photographs is not visible on Landsat-1 images, even when 
observed through a colour additive viewer. 

The patterns related to rock type, visible on SI^QB photographs, 
are not visible on Landsat-1 images. 

The number of faults interpreted from Landsat-1 is about 
1,4 times that of faults from SI90A, but only about 0,5 times that of 
faults from S1903, If only faults longer than or equal to 10 1cm are 
considered, the number of faults is the same for SI^OA and Laiidsat— 1, 

Conclusions 

1„ In general, on S I9OA photographs at 1:1 000 000 scale, examined 

under a stereoscope with up to 3x magnification, the 
lithological interpretation by conventional photogeolcgical 
methods does not appear feasible because the relationship 
between geology and morphology is complex and varies from 
place to place. Exceptions to this rule are: the Tertiary 

volcanic rocks, which are imaged in a particular hue of green 
on SI^OA colovir IR photographs; and alluvium which is 
particularly easy to recogniae both on B & V/ and colour IR 
photographs , 
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2* On 01903 photographs at 1; 500 000 scale examined unier a 

stereoscope with up to 3x magnification, patterns related 
to rock types are visible in some places, but they are uniform 
only over small areas; they can be used locally for rock 
type identification, but not to map lithological boundaries® 

(iJote: in the Snowy Mountains area, the interpretation of conventional 

air photographs at 1:5° 000 and 1:85 000 scales does not produce much 
better results than those obtained from SI9QA and B190B photographs,, 

3„ The smallest rock outcrops detected in forest-covered areas 

were: 100 m across on S I9OA photographs and 30 m across 

on SI90Q photographs* In grassland the minimum sines were 
1 km and p00 m respectively® 

4® Of the previously known faults, 34 percent were detected on dtbC'h 

photographs; 45 percent on SI9CH photographs, Almost all the 
undetected faults are shorter than 10 km® 30 new faults were 
interpreted on S190A and 114 on S1903; none of them has yet 
b.een field checked® 

5® A statistical analysis has shown that the dominant trends of 

the linear features annotated on S100A photographs at 
1:1 000 000 scale, with stereoscope and 3*' magnification 
are parallel to the Mesozoic and Caj.nozoic structural trends 
(east and northeast). The dominant trends of linear features 
annotated without magnification are parallel to the lalaeozoic 
structural trends (north and northwest). The azimuth 
distribution of the latter linear features is also related 
to lithology, age and geological histoiy} this may provide 
clues to the differentiation of broad lithological units in 


the area 
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6, The statistical analysis of linear features from S190B 

photographs at Is 500 000 scale with stereoscope and 3x 
magnification has not produced significant results* The 
reason should be investigated* 

7* Circular features are visible on all Sky lab products* Most are 

related to intrusive or volcanic features* One is the result of 
a landslide. 

8* The B & W and true colour photographs from SI 90 A have about the 

same information content as 5th generation Land sat-1 images. The 
colour XH photographs from S190A and the true colour photographs 
from S190B have slightly more information content (respectively: 
the characteristic colour of Tertiary volcanics, and patterns 
related to some rock types) than Landsat-1 images. More detailed 
structural information can be obtained from each Skylab product 
observed under a stereoscope than from Landsat-1 images* 
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For the purposes of this study , landscape is classified 
into two gross types, namely "forested 11 and "exposed" * .Different 
components of the bedrock structure are detectable on the photography 
in each landscape type, requiring different interpretation methods in each 
case and different methods of evaluating the quality and practical utility 
of photography. 

In "forested" terrains, discrete structures e*g 0 faults and 
master joints, are preferentially selected by drainage processes. The 
annotation quality, as estimated by measuring the reproducibility between 
different interpretations, is a function of the length of the structures 
A very approximate estimate of the minimum length of discrete structure 
which may be reliably extracted from pictures is $0 km for Landsat-1 imagery 
and 5 Fun for Bkylab B lyOd photograplsy, Detailed studies of hydroelectric 
and irrigation tunnels in the Snowy Mountains show that S 190 B photography 
has applications in civil engineering* 

In "exposed" terrains the pictures record information from 
penetrative structures, which have high spatial frequencies e.g, metamorphic 
cleavage, as well as discrete structures* Studies of the reproducibility 
betvieen different interpretations of the same scene show that a much larger 
proportion of reliable information can be obtained from SI^CB than S 10 0a 
photography in one test area at Alice Springs* 

Introduction 

Skylab photography has been compared with other types of 
photography and imagery in relation to two different geological problems* 
These are ( l) the detection of discrete structures in humid terrains and ( 2 ) 


the detection of penetrative and discrete structures in arid regions 
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The comparisons were made in the course of ongoing projects 
which have only recently readied the stage where the precise evaluation 
of picture quality for geological purposes is possible* The measurements 
given in this report arc preliminary results of such evaluation procedures* 

Geological information is extracted from pictures by a human 
photointerpreter* 3!is visual perception faculties are a signal detection 
system which is both unreliable and noisy* There are two possible solutions 
to this problem* 3''irst, the output could be accepted at face value and 
evaluated against ground investigations in the field* Second, the 
interpretation process could be assisted in some way so as to increase 
the reliability of 1 the output. 

The second method recognises the problem of data quality as a 
fundamental problem in information theory. The geological information 
reaching the interpret er is modified by random processes of geomorphological, 
biological and atmospheric origin and deterministic processes within the 
imaging sys It-::.* The interpreter is, in part, acting as a filter for 
non-gcological information and, in part, generating some noise of his own. 

It is considered that in the absence of explicit definitions 
of the nature of geological information, the appropriate immediate 
approach is phenomenological. be treat the geological information 
extraction system as a "noisy black box" and are establishing criteria to 
determine whether the output is geologically acceptable or not. Any 
change in the data acquisition system, such as using a camera of higher 
resolution, or at lower altitude, or over a different terrain, is 
evaluated in terms of the improvement or otherwise of the reproducibility 
of the output when an information extraction cycle is repeated. 
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The first requirement of this approach is a measttre of the 
quality and quantity of the output in terms which mirror the value to 
the end user. 


The reproducibility of a phot ©interpretation is assessed by 
having the photcinterpreter repeat the interpretation process several 
times, or by having several different observers make an interpretation. 

This -’'VpiMfcs the most highly variable segment of the information acquisition 
process . Other segments are repeated by using imagery of different spectral 
bands or multidata imagery. The reproducibility between different results 
is measured and is an indicator of annotation quality. Problems with 
this technique are first, there are many possible choices of a 
reproducibility measure which give widely differing figures. Second, 
a measure selected injudiciously j; ay net have geological moaning. Third, 
the measure may be either too insensitive to geological differences, or 
too sensitive to non— geo logical changes, to be transferable between 
observers in different laboratories. All three difficulties require that 
any proposed measure be calibrated against practical experience in as wide. 
a range of circumstances as possible. 


Given a measure of the quality of an annotation, it is then 
possible to calibrate the information against information from other 
systems. The most direct method available for this is, in areas of good 
outcrop, to compare results from picture interpretation with results from 
detailed ground surveying. This method is not applicable in areas of poor 
outcrop except for special situations. One such special situation is where 
long tunnels have been driven for urban water supply, hydro-el ectrio or 
irrigation purposes. The authors are now paying special attention to 
these as they supply unique information. Preliminary results for 77-f’l km 
of one tunnex system are described in this report. 
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History of the investigation 

In 1372 considerable effort was expended by the authors in 
compiling geological maps of selected areas as a basis for comparison 
with Landsat-1 imagery. Studies of the Landaat imagery showed immediately 
that only the very large structures could be detected reliably, and the 
enormous volume of information on small structures contained in the imagery 
could not be obtained at any acceptable level of reproducibility. Some 
experienced field geologists would not accept the results claimed from 
satellite imagery, and even experienced photointerpreters were issuing 
different results for the same scene. In some cases the imagery was claimed 
to yield information on new geological processes for which no supporting 
evidence was provided and was even, occasionally, in direct contradiction with 
evidence from other sources. 

We published some preliminary results on these lines (Burns & 
Shepherd, 1975 ) hut included the qualification that the image annotations had 
only an assumed reliability. Reaction to our -own work and results 
published overseas made it- clear that it was urgently necessary for investigators 
to apply some internal standard of information quality if satellite geology 
is to win acceptance against established systems. 

Accordingly work commenced in 1975 on measures of annotation 
quality. Discussions with visiting scientists including Drs C. Bobinove, 

D. Simonett and If. Short showed that except by a group at the Jet Iropulsion 
Laboratories this was not seen as a problem in other laboratories, and 
no concurrent work of similar type was known. This has meant the 
investigations have been isolated and methods built up from scratch. 
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By late 1973 it had become apparent that on any measure, 
the information obtained by photointerpretation of Lands at imagery may 
be of’ extremely poor quality. In this report we cite measurements of 
reproducibility of less than 30, j . ;3ven if more optimistic measures are 
used than this particular one, tile figure is not shifted upwards to a 
level high enough to mike the information comparable in quality with that 
obtained from alternative sources. 

Sky lab studies were incorporated into this program when 
photography became available late in 1973 * The particular value of 
Skylab photography is in the wide range of resolution available with all 
other system parameters held constant. It hud also been discovered that 
there are significant changes in the geological content of pictures 
between aircraft and satellite p)latforms which are dependent on resolution, 
and Bkylab photograpliy would provide data points within the gap* 

The main program in development of reproducibility measures 
encountered mathematical and statistical difficulties in mid — 1973 which 
were not solved, till March, 1974* There has therefore been insufficient 
time to compile a significant number of practical measurements on Bkylab 
photograpiiy* Borne preliminary results are described. 

techniques and procedures 

The measures of reproducibility of geological data as 
interpreted from imagery are of two types, gecaetric and nongeometric, 
details of which will be discussed in a publication in preparation. 
Measurements of the geometric parameters are made using a Bendix Dutagrid 
electronic chart digitizer interfaced to a minicomputer. With a 

specially written operating system, this constitutes a cartographic data 
processing system. Similar systems are being introduced into 


photogruinmetric oxxrvey and cadastral survey offices to handle the special 



problems of cartographic data, the root notable being that they c-juiot 
be digitized without. interaction with a human operator capable of logical 
decisions. The beat known ay:: torn of this type in at the Institute of 
Cartography in the Imperial College of science and Yoclmolcgy , bondon® 

At Cd IRC) the data are acquired and edited interactively within the 
installation, an essential procedure because of the difficulty of re- 
registration of documents r.nd because the logical capabilities of the 
operator are required, in circumstances where the original measurements 
can be recovered, for any' data correction. The edited, formatted data 
are written on to paper or magnetic tape, depending on length, and 
transmitted to a CYItiiR 7600 for processing,, 

Nongeometric measures of reproducibility do not require logical 
capability in the data input system and are amenable to cal dilation in video 
scanning systems or digital image processing systems. However the 
statistical significance of the results depends upon calibration which 
has been a major delay in finalizing the measures* 

For the comparison of topographic lineaments with subsurface 
data, four digital files are constructed® The data are obtained from 
standard engineering drawings. The first file is made from the tunnel 
elevations and consists of a traverse along the tunnel from end to end, 
returning along the topographic surface. The second is made from tunnel 
plans and is a similar traverse. The two are combined to reproduce the 
measurements an engineering surveyor would make if he made the same traverse 
in the field, and are reduced and corrected in the same way. This forms 
the geometric control and enables latitudes, departures, bearings, and 
elevations to be determined as required for any place within the region. 

The third file is the information contained in the engineering geologists* 
tunnel log and is an alphanumeric serial record of geological field 
observations along the tunnel. The fourth file is a record of image- 
derived information for a strip of country above the tunnel route* 


The most difficult problem in projecting geological structures 


for any distance underground is? that they interfere end offset each other, 
r\nd it jnny not be possible to determine the directions and amounts cf these 
offsets from field observations* The numeric data file enables various 
possibilities to be tested easily. The tunnel data are projected in throe 
dimensions and tlio surface appearance predicted. This may then, given a 
suitable definition of "match", be matched against the observations from 
pictures. This syteni is not yet fully operational but, for the purposes 
of this report, some of the most relevant figures have been extracted. 

It may be noted that this work Ins required development of 
novel data handling systems which are directly applicable in geological 
surveying, mining, and engineering situations outside the immediate question 
of remote sensing* The engineering geologists in the bnouy 1: cun tains 
Project abandoned some prediction problems because of their complexity and 
the difficulty of obtaining a result in finite time by manual methoue . 

Some of these, however, appear amenable to machine processing* 

Summary of ground truth activities 

The ground truth available to this study has been the 
detailed mapping in the Snowy Mountains by a large number of engineering 
geologists during the investigation and construction of the Snowy 
Mountains Scheme. This includes detailed mapping both on the surface 
and underground* To date it has been found sufficient to work with 
1:15 £40 (4 inches to 1 mile) "summary plans" which record all rock type 
changes, dykes, faults, joint roses, ground condition reports, 
tunnelling rates, ground temperature measurements , and water flows from the 
face. This is generally regarded as the 'arrest body of systematically- 
recorded detailed geological field data in fustralia, and is comparable 
to the records of a major mine. 



The method of data analysis means that there are no rough 


field noted as such, only digital files, which are too voluminous for 
reproduction here# 

In the Alice springs urea, detailed mapping on 1:2p 000 scale 
air photographs for publication of 1:100 000 scale maps by field geologists 
from the Huron; of mineral Resources and stuff and students of J-'omah 
University and the Australian National University is in progress* 

/, rrangements have been made for targets of interest to be verified® 

Results 

0lastjj.fi cation of geological structures 

Geological structures visible on satellite pictures are of 
three types® first, structures having a complex pattern, such as a dyke 
swarm radial to a volcanic neck, circular caldera, breccia pipe, fold 
basin, and so on# These resemble military targets in that they are localised 
and contain a variety of recognition cues, and by analogy with Leachtenauer 
(1973), are detectable with a reproducibility between observers which 
ranges from Go to B^o.® 

The second type are discrete features, such as faults, 

"master" joints and narrow dykes, characterized in the subsurface by 
continuity and two-dimensionality. They are "non-penetrative" which means 
they have little or no rnineralogical effect outside a very narrow region# 

The traces of these structures on the ground surface are continuous, linear, 
discrete features® 

The third type of structure is "penetrative" in that it forms 
pervasive systems throughout the rocks® It is frequently two-dimensional, 
such as foliations and bedding, and as a result gives rise to linear 

surface effects® However the structures do not appear as discrete 
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Fig. 12 Landsat imagery of forested Fsg. 13 . okylab photograph of Alice Springs 

region at barburton, eastern Victoria. region, Northern Territory. 
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Bass Strait 


Fig. 14 Landsat-1 imagery of Kiev/a region, eastern Victoria. 
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individuals but in close-packed sheets which give the terrain a 
distinctive "striped" or banded appearance* 

Appearance of structures on photography and imagery 

Structures of all three types, " complex" , "discrete" and 
"penetrative", occur simultaneously in all rock types * However on 
aircraft photography and satellite imagery, the proportion of each structural 
type varies markedly* For example, imagery of the P re Cambrian met. amorphic 
Palaeozoic and Proterozoic foldbalts of arid terrains may show all three 
types simultaneously, whereas in the rrot-.ro zoic platform covers and 
I'esozoic intracratonxc basins of Australia there is a much higher proportion 
of discrete relative to penetrative a fractures,. The differences on pictures 
amount to differing textures, or "apparent structural styles"* In some 
cases the differences may indicate geological differences* However, in 
many other cases the differences do not have a bedrock cause and are due to 
differences in the surface landscape * 

A subdivision of Australian landscapes has been made from 
satellite imagery for one test area by Cole et al<(l975). In the present 
work we used much simpler subdivision, separating geological studies into 
two branches according to a crude subdivision of the landscape into two 
types, "forested" and "exposed"* Forested terrains are confined to areas 
of more than 2j inches rainfall in southwestern and in eastern .Australia* 

In suoh regions, (Fig* 12), the forest canopy is sufficiently dense to mask 

all view of the ground, and the information contained in the image texture 
comes from the topographic relief of the top of the forest canopy and from 
the nature of the vegetation* 

L'xposed terrains are marine platforms , breaks of slope on 
mountain shoulders, glaciated mountain plateaux, and upland regions in the 
desert which have thin residual soils and are free of windblown, transported 
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cover (Fig* 13). 

The marked differences in the photographic texture between 
the forested and exposed terrains, even where the bedrock geology is similar, 
must be taken into account during phot ©interpretation of each type of terrain* 

Forested terrain 

Regardless of the proportion of different structural types in 
the bedrock, almost the only structural features visibie in forested areas 
are discrete lineaments « In the majority of cases, these are expressed, 
in the drainage pattern and are detected by their drainage effects o The 
reason for this is that first, stream channel formation results in discrete 
image features, and a whole field of parallel, penetrative structures in 
bedrock may be expressed on pictures as a single linear stream channel* 

Second, the forest canopy tends to 11 level" small channels and has the 
effect of a low— pass spatial filter* Third, the many discrete structures 
are mechanically weak and tend to have an influence on drainage out of 
proportion to their numbers. 

In* the absence of structural controls, stream channels form 
dendritic patterns , J hotointerpretati.cn of drainage anomalies is the 
identification of structures as departures from the regional drainage pattern. 
Formal techniques have been devised (Krumbein, 1970) but are applicable 
only to rapidly expanding networks in homogeneous material so that they may 
apply to Australian intracratonic basins such as the Great Artesian or 
Sydney Basins but are unlikely to be useful in mineralized foldbelts where 
the rocks are consolidated and inhomojenous * The extraction of structural 
information in forested terrains is therefore dependent upon the ability 
of photointerpreters to recognize topological anomalies in complex stream 


networks 
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From a topographic relief model of Australia, Hills ( 1 959 P 
1965) recognized ma^or linear features with lengths several orders of 
magnitude greater than the diameter of drainage basins <> The topographic 
resolution of his model was between 10 and 100 km and his method yielded 
reliable results only for structures such as the Bar liny Lineament which 
is over 580 km in length. 


From Landsat-1 imagery f which has a resolution of the order of 
100 m, structures have been detected in Eastern Australia with lengths of 
the order of 100 km with what seems to be acceptable reliability (Burns & 
Shepherd, 1975)* A recent new discovery of this size is illustrated in 
Figure 14* However, when attempts are mads to interpret shorter structures, 
the reliability of the interpretations falls off rapidly. To measure this 
effect, v/e have devised a ncngeometric measure of the correlation between two 
interpretations of the same scene by different observers or by the same 
observer on different occasions. This measure is termed the reproducibility 
and when obtained by analogue methods is denoted R^, It resembles a 
product-moment correlation coefficient in that it ranges from +1 (for complete 
agreement) to zero (no agreement) to -1 (disagreement). Table 8 shows result 
derived from landsat-1 imagery for a region including that illustrated 
in Fig, 12. The imagery was prepared by a process which considerably 


degraded the tonal range but the extremely poor results of Table 8 are 
ascribed mainly to the attempt to resolve small structures. 
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TABLE 8 


Comparison between 6 interpretations of on© scene 


Observer 

A 

B 

Interpretation 

A5 

A6 


BIO 

B11 

B12 


A4 

17.74 

13,23 


6,48 


15.44 


A5 


20.15 

10.11 

13,20 

15.84 


A6 




7.92 

12.07 

12,66 


BIO 





15.69 

15.02 
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15.02 




liepr oducib i 1 i ty 

(100 h 4 ) 




The experiments show that there is a very high proportion, ranging 
from 80y> to 92 ^, of uncorrelated information in interpretations of small 
discrete features in forested areas. The uncorrelated information may 
include "noise” or "spurious linears" which a human interpreter tends to 
generate from a pattern of topologically-random noise (Julesz, 1962; Crain, 
1972)o In this case the low reproducibility is escribed to the attempt to 
detect drainage anomalies in circumstances where the stream network cannot 
be resolved at the requisite geomorphological order. 

This dependence of reproducibility on length is a general 
experience and has been observed frequently (D* Simonett, personal 
communication). If the explanation provided above is correct, it means 
that an objective estimate of the quality of information that may be 
extracted for interpretation of structure may be obtained by measuring the 
size of the smallest resolved drainage basin, that is, the smallest region 
within which two stream orders may be separated. Preliminary assessment of 


Sky lab S190B photography on this basis indicates that reproducible 






interpretations should be obtainable for discrete structures 
lengths of 5 ton in many areas and the lowest practical limit 
2 Ian in especially favourable circumstances. 


down to 
may be about 


The relative performance of imagery and photography fret: 
different sources is summarissed in Table $>„ This is preliminary only but 
the estimate for 3 by lab 31903 photography is supported by detailed studies 
along the routes of the Onov.y fountains tunnels. 


TabLd 9 


Discrete geological structures expressed as drainage anomalies 


Representation of 
topography 

: 

Range of estimated minimum lengths for 
reproduoiL le perception 

Relief model 

200 to 500 km 

Lands at- 1 scanner imagery 

50 to 100 km 

S)ylab 3 100 j photograph/ 

2? to 5 ton 


Sky lab photography in Civil Jhigineering 


The Snowy fountains area is classified as ’’forested" in Drat 
it is humid, with an extensive cover cf forest and grassland (Fig. 15/ • 
.Detailed imps are available for the long tunnels built by the bnouy 
hountains Authority for irrigation, and hydroelectric purposes, and comparison 
of the tunnelling records with the surface gecmorphology enables the value 
of remote sensing of discrete structures to be determined directly. 


The mean altitude of the tunnels is 10£0 m (3541 ft). The 
topojrajdiy above the tunnels ranges in altitude from 1118 in (3666 ft) to 
I63C m (5375 ft)» The tunnels are, on the average, about 245 rn (£10 ft) 
below the grourd surface. The tunnel routes are shown as aqueducts 


on the overlay of Pig. 1 5 
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This is an area of multiple land use— j 

Recredtion: the light -toned area in the ce'.tre is alpine moorland with August snow cover 
Ski tow paths are visible near (A) 

ill 

Farming: light toned areas in eastern and western corners are where forest has been 
removed for pastoral gnd agricultural use. Settlers roads are visible at (8) . 

% \ I ! 

Forestry: pine plantations are dark ton^s at (C). 

i 

t • 

Irrigation: water in storage reservoirs shows as black. Construction quarries are visible at (Q) 

• f 

i 

Power: the straight clearings in the forest are transmission lines. Snow -enhanced geological 
lineaments are visible between (D) and (E) 
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Fig 15 Snowy Mountains test oreo •— Si. 3/S190 0 photograph RL84 No '44 with overlay 





The structures in the tunnels are of several typos. rhe 
most interesting type is "non-penetrative, mi ncralo-ji o, -.1 3 y unojiyr-ious" , 
that is ? it comprises localized faults , shear and crush zones with effects 
confined to narrow hands less than 12 m (ft) ft} in width, and not associated 
with any mine rale ;icnl changes which would malre the otruoturetj easily 
detected at the Kur.fa.ce,. Of t.Hc structures in the tunnel with uiinoiulo^ionl 
expression, such as igv Ionite zoneo or dyke margins, over $%■■> arc readily 
identified at the surface. However the con-elation for discrete, 
anonymous structures is i:.uch 3 ewer, as show’ 1 , in fable 10„ 


r ibbd,i: io 


‘discrete, minernloyically "aneny mcmc" structures in 
the ihiowy i ountains tunnels 



The figures from these tunnels are probably widely 


repres entat ive » 


Discrete, anonymous structures occur at the rate of 


3.79/kui, mid for these 
Thus there is 1 chance 
effect at the surface. 


a surface drainage expression can be found for 12 . 9 , 0 . 
in 7*75 that a tunnel structure will have a drainage 
On the other hand, 55* id of the surface features 
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have been found in tho tuiniels, 
that a rmrfaeo drainage feature 


suggesting that t lie re is 1 chance in 1.5:2 
will be on countered in tunnelling 5 00 ft 


below. 


There are several reasons w" 1 if/ these figures should be treated, 
with caution. First, the tunnel occurrences are sometimes pimped into 
" fault zones 11 which would uproar as one feature at the surface. Second, 
gome tunnel occurrences may be minor structures which t emanate on others 
and never reach the surface. On the other hand , third, it appears that 
many of the structures were first found in tunnelling, the surface location 
predict od, and a hunt made for a drainage anomaly near that location. The 
third factor tends to compensate the other two and we would judge that the 
figures are reasonable estimates « 

The '’upward match" (tunnel to surface) is the figure of 
12.9/S above, while tho "downward match" (surf'-ca to tun mol) is the figure 
of Tho existence of the difference enabl ;S the structures to be 

divided into 2 classes, "major" or "extensive" and "minor" or "localized". 

The figures muy be interpreted by classifying 1 ?.*$),.; of tunnel occurrences and 
95.1 ( > of drainage features as due to extensive structures . The remainder 
are minor structures (in tho tunnels) and a mixture of minor structures and 
spurious features (on the surface). 

dll the drainage features recognised in engineering inve s t ia t i cue 
from ground surveys and aerial photography are visible in Sky lab b IdCu 
p ho t ogrn i di^y- enlarged to about Is uO 000 scale, that is, it is possible to 
resolve and identify stream networks at a range of orders which overlaps 
the range of aerial photography, so that the detailed (aerial) and synoptic 
(satellite) views can be directly related to each other* In the bnowy 
Mountains we can not only detec I- some new structures not observed previously 
for lack of a synoptic overview, and extend some of the known structures nicer 
their strike, but expect to be able to relate m*r,y surface features to 



63 


specific zones, a few feet wide, in the tunnels* The latter possibility 
would give the photography valid operational Staton 0 

Expose d terrain 

Exposed terrains yield photographic textures due to a fixture 
of discrete 5 penetrative and complex structures* A tost area has been 
selected in the Alice Springs region which has low local relief so that 
hill~shadow effects are minimal , and the imago texture results mainly from 
variations in reflectance of different mineral assemblages or residual 
soils derived therefrom c Penetrative structures include meiati orphic 

foliations in the Archaean A runt a Complex and bedding in Proterozoic 
and Palaeozoic rocks „ 

A comparison was made between the low (S 19 GA) and high (S 19 C 3 ) 
resolution Sky lab photography to see whether the high resolution photography 
yielded more reproducible interpretations * Results are shown in table 11 * 
The same region was interpreted three times on both types of photography’s 
enlarged to the same scale- (l;250 000) along a traverse line 51°9 
kilometres long which was marked out at right angles to the strike of 
metamorphic foliation in the Precambrian Arunta Complex and bedding in 
overlying Proterosoic and Palaeozoic rocks « The traverse was located 

to avoid, as far as possible, hill-shadow and drainage effects* A 
densitometer profile was run along the same line, the lineaments seen by 
the photointerpretsr were classified, by comparison with the densitometer 
trace, as "bright bands", "dark bands" , or "density gradients"* 
Reproducibilities were then computed for the three traverses, taken in 
pairs, using the coefficient which is appropriate to this methado 
The mean reproducibility, computed by the method of KcCammon ( 1969) 9 


is shown in table 11 
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TABLE 11 


Reproducibility ( 100R^) of textural features in Sly: lab photography 


r holography 

Text viral T'yp e 

Total 



bright band Dark band 

Gradient 



S190A 

51*273 60o533 

45-333 

i" 

50*786 


S1903 

68,903 72,399 

42.982 

66 0 523 



Table 11 shows the reproducibility of the extremes increases with 
resolution vrhile that for the gradients decreases „ The improvement for 
the extremes is about 2 &}l which is ascribed entirely to the increase in 
resolutions It is not yet possible to relate these figures for Rg to 
those for R^ in table 8«, 
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Conclusions 

The potential value of Sky lab photography depends upon three 
factors,, the geometric accuracy as a basis for topographic and photo naps 
and the tonal and resolution qualities racpired for scientific interpretation? 
These investigations have yielded some information on the last named quality* 

In forested country, S1J0B photography provides for the resolution 
of drainage networks in basins down to about 5 ton in diameter which should 
permit the reliable detection of discrete structures down to about this 
length* This would give the photography an operational role in 1:1 CO 000 
Survey mapping and in major civil engineering works* 


A test of the engineering applications yields an estimate that 
of discrete structures identified from their effects on the surface drainage, 
approximately 1 in 2 will be encountered in tunnelling 800 ft below the 
surface* 

In exposed terrains, the results from SI JOB interpretation show 
an* increase in reproducibility of about 26p for "bright" and 11 dark" bands 
in comparison with S190A interpretations* 


The handset- 1 imagery, in the form of film products, is 
disadvantaged because of the difficulties of briding convincingly from 
satellite imagery to field operating scales* This gap is bridged by 31 JOB 
photography, to the extent that we believe it is realistic to identify on 
SI JOB photographs, surface features representative of structures less than 
12 is wide, 245 m underground* The combination of three factors; (i) means 
of measuring and achieving acceptable standards of data quality, (ii) evidence 
that approximately 50,n of surface features will be detected underground, 
and (iii) sufficient resolution to identify The location of these features in 
terms which can be picked up from aircraft photography or imagery and' tb.-nca 
translated into a ground location sufficiently precisely located to be a 
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realistic drilling target, all of which are within eight of achievement 
with SI90B photography, indicates a potential operational role in 1:100 000 
Survey mapping and in engineering and mining investigations <, 

For structural geological purposes, there is an important 
resolution gap between SI 90A and SI 9 0B photography* There may he other 
ways of bridging this gap than by mounting an S190B system* A doubling 
of Landsat scanner resolution, accompanied by direct digital reconstruction 
of imagery from tapes, may be sufficient* 

It is concluded that structural geological information from 
satellite remote sensing systems can he obtained av acceptable levels of 
reproducibility provided the limitations of the system for different 
landscapes are known and appropriate quality control procedures are applied* 
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History of trie invest 1.' ration 
a) Alice Springs Area 


This investigation wars compared with the work of Ferry et al. 

{ 1Q62) who wrote a general report on an area of 373 000 sq km in central 
Australia (the Alice Springs area), including a map and descriptions of the 
types of country or laud systems they encountered. The basis for the map 
was the stereoscopic examination of black and white aerial photographs at 
a scale of 1fJ30 000, which took 11 months, and supporting field studies, which 
took 5;>‘ months. Part of this area was covered by Of 3 and 8L 4 photography 
from the SldOA and S 1900 cameras. he have correlated the patterns on the 
Sky lab photographs with the land systems mapped by Ferry ct al. , with a view 
to assessing the value of the Sky lab photography for this type of survey. 


b) hew South hales 

The Sky lob photographs were examined for their portrayal 
of distinct types of country, land use, soil, and vegetation. These were 
mapped on the photographs and identified by field checks. 


Technicians and procedures 
a) Alice Springs Area 

happing on the aerial photographs is done by a team comprising 
a. geomorphologist , a pedologist, and a plant ecologist# They map 
according to patterns, and at a detail compatible with the scale of the 
final map# when the team members have completed the mapping they sample 
their patterns in the field, noting in each the dominant lithology and 
geomorphology, soils, and vegetation*, Among other things, they prepare from 
their notes a summary description of each pattern. They then revise their 
mapping according to the field checks. The land systems are established 


from the air photo patterns and described from the generalised field notes, 
as given in Table 12. 





The Sly lab photographs cover- appro;: imately 10 000 bct km ox’ cloud 
free country* Ti .e patterns cm them were examined in relation to the land 
systems mapped by Perry et al„ from aerial photographs, this being done 
through the medium of twice enlarged 319011 colour prints (Fig* 16) and 
a transparent- overlay of the land system boundaries at the same scale* 
r fhe results were then compared with four times enlargements froTii the six 
films of the S 190 A camera e 


b) Hew South Wales 


The Sly lab photographs from both cameras , as listed in Table 
1, were examined stereos copically, Preliminary observations were made on 
the black and white photographs. Findings ware then transferred to the 
colour prints 5 and amendments and additions made* Contact diapositives 
were used for a final check before the field work* 

S ummary of mround truth activities 
a) Alice Springs Area 

Traverses were planned by Ferry et al. to sample each air photo 
pattern during the preliminary mapping, The first field season occupied 
the period August to October 1956, The aerial photographs were taken into 


the field and traverse routes, odometer readings, and descriptive notes 
were marked directly onto them* In order to do' this accurately the position 
of the team was known to within one-sixth of a kilometre (approximately 
3 mm on the aerial photographs). Additional traverses were planned, during 1 
the second period of mapping and a second spell, of field -'work from June to 
September 1957 .was similar to the first, 

b) IJew South bales . 


Traverses were planned to sample each unknown Slyl&b 
photo pattern during Parch: 1975® The geological map of the:, area Was also 
consulted. 
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IlGSUl'bg. . 

6,4*1 Alice Springs Area 

' Summary ' descriptions of 'the relevant land . systems are given 
in Table 12c • Pig. 1 6 ' shows that in most cases- each land system boundary 
contains its own characteristic pattern. 


TAELF; 12 


OTOP-HO LESOPJPTICHS OF MM- SXSTEtiS BEPPESHnTEL Til THE SEIL1 & ' PHOtfCCHUPHS- 


Al 


Au 


Sir 


Gi 


Hu 


Hr 


Hi 



Py 


Hi 


Limestone ridges and foothills, relief up to 500 ft (l HO m) ; 
little soil; spinifer or sparse grass* Strike rales with 
alluvial plains; shallow stony soils- and calcareous 'earths; 
gidgee and/or short grass. 


Active alluvial fans with extensive sandy plains within the 
central ranges ; red clayey sands, sene alluvial clayey sands; 
mainly spinifex, some sparse low trees over short grass. 

Undulating dune-covered terrain with stony conglomerate hills, . 
relief up to 30 ft (9m); red dune sands ; spinrfex mainly under 
mulga. 


Q,uarte;ite and sandstone ridges up to 1000 ft (300 m) high; little 
soil; spinifes,. Yales with alluvial plains and gravel terraces; 
stony soils (texture contrast, red earth), red clayey sands, and . 
coarse soils; sparse shrubs and low trees, mulga, or witchotty 
bush over short grass. 

Limestone ranges with rounded foothills ana sours , relief up to 
750 ft, (230 m); little soil; spinifex or sparse grass « ■ 

Hold aaiidstono plateaux .with .rock summits and steep,, dissected . 
margins, relief up to 500 ft® (l50ra}; some very stony- and sandy 
soils; sparse shrubs and low trees ever spini-few or sparse grass. 

Sandstone ridges and plateaux up to 300 ft, (90 n) high and sandy 
lowlands ; shallow soils and red clayey sands ; spinifer. 

Low hilly or undulating* limestone country, relief up to 75 ft, 

(23 in); calcareous earths; open or vitchetty bush: over short- 
grassi 

Piedmont fans of calcareous alluvium and calcreted gravels; 
shallow red clayey sands over- stone., some sandy calcareous . earths, 
and sandy red earths; mainly open or gidgee over short grass. 

Interment plains of calcareous allt\vinm ; calcareous earths 
and red earths over marl; open or gif.gee over . short -'grass-. 
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Si 

Sk 

Sn 

So 

St 

T& 


Parallels reticulate, and irregular sand dunes with stable 
flanks* minor areas of mobile sands; red dime sands and red 
clayey sands; spinifez* 

Piedmont gravel terraces* dissected valleys, relief up to 80 ft. 
(24 m); stony fine red earths* some sandy tezture-contrast soils 
mainly sparse shrubs and loir trees or mulga over spinifer. 

Plat or gently undulating plain; red clayey sands and sands; 
sx^inifeZo 

Bold quart site and sandstone ridges with rock cliffs and 
steep ^slopes, relief up to 2 500 ft. (760 m); very little 
soil; spinifez* 

Limestone plateaus: with dissected escarpments ^benches Of 
weathered rocks* relief up to 500 ft* (90 m); little shallow 
soil; spinifez. 

C Quiescent flood-plains of the Todd River and tributaries, 
derived mainly from igneous and metamorphic rocks, sandy 
alluvial soils, some red clayey sands and silty, fine, 
and layered alluvial soils; sparse low trees over short grass* 


The following are noteworthy points: 

1„ The Skylab photograph (l ? ig. 16) brings out the difference between Ew 

and Si more clearly than the descriptions do* It also shows that some of 
the dune pattern of Si intrudes into Sir, and this is not /brought out in 
the survey air photographs. Sn, also a sand plain, is distinguishable from 


the other two by its even pattern. 


2. IIu can be distinguished from Bw partly by pattern, but stereoscopic 
ezaaination is needed for accurate delineation of the boundary. There is 
then little difficulty in separating the two. 


5. As vegetation and land forms are similar on all the alluvial land 
systems, soil colour would appear to be the only photographic criterion 
for distinguishing them. The photograph shows threes that are alike (Au, 

By, and Ri) with a rather uniform red pattern, and one. (Td) .with a more 
mottled brownish pattern. Reference to the more detailed descriptions (not 
reproduced) establishes that this is in accord with their soil colours. 
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4® Mountainous and hilly land systems are not clearly distinguishable 
among themselves and are not consistent in their patterns, i°e« field 
checks are needed to work out some rational system of grouping the various 
patterns into land systems This is standard practice which applies 
equally well when aerial photographs are used* Details are as follows: 

a) Gi and So have the same lithology ( quartzite and sandstone) 
but Gi is separated because it includes a number of wide valleys 
among the ridges * 

b) Al p Hu, and St are mainly of limestone and dolomite, and 
distinguishable from the quartsite and sandstone by their greenish 
colour <. Among themselves they are distinguishable through 

their land forms (see Table 12) * The greenish colour can be 
seen in parts of Gi as well, find reference to the detailed 
descriptions (not reproduced) shows that it does include beds 
of limestone * 

c) Kr resembles parts of So in the single photograph but 
stereoscopic examination shows that the beds of So dip while 
those of Kr do note 

d) Occurrences of Hi are too small for consideration* 

e) A singular group of hills (arrowed in the photograph 1?ig* 

16) is of sandstone surrounded by limestone and dolomite* 

These hills do not show up in any of the S190A films, nor in 
the Dandsat imagery except band 4<> 
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5# Traces of 'burning were easily identifiable on other frames (not 
reproduced ) , 

An examination of the equivalent blade and white prints 
from the. same negatives at a scale of 1:700 000 confirms the importance 
of colour in this type of survey* It is not possible to distinguish the 
limestone or the sandstone hills of paragraph e, on the black and v;hite 
prints, nor to see the difference between the alluvium with red soils 
and that with brown soils, and differences between other land systems 
too are less distinct* 

On the S190A photographs, those in false colour show some 
areas of vegetation in red, distinct from the dominant cover which 
does not register in this way. They are probably flushes of ephemerals 
along the watercourses and outwash plains, For our purposes the 
other S190A films have nothing of advantage over the S190B except in 
the greater area they cover, and even this is offset -by their 
poorer resolution. In all, we would make very little use of the 
S190A if a complete cover were available from the S190B, 

For part of the Sky lab photograph (Fig, 16) that 
accompanies this report, Landsat imagery dated 1 N 0 vembar 1972 is 
available at a scale of 1:1 000 000 in false colour diapositj ve 
(bands 4* 5» and 7) and in black and white prints of each band 
separately. For visual interprets on the Sky lab photographs 
are in most respects far superior. The Landsat single band 
imagery has the disadvantages of less contrast, poorer resolution, 
no stereoscopic cover, and perceptible scan lines. It has an advantage in 
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the false colour image , which has "better contrast that that of the 
Si go A ? including a clear magenta which sharply delineates the green 
vegetation,, Some of the Sky lab S190A false colour film is heavily suffused 
with blue and virtually monochrome in consequence * This is probably 
due to poor processing* 

The land systems were erected not only on air photo pattern 
but also on field work, on the pooled knowledge of a team of 10 workers, 
and on the literature* The lack of exact correspondence between the land 
system boundaries and the Skylab photo patterns in Fig* 16 is what normally 
occurs, and does not necessarily reflect a discrepancy* The correspondence 
that does exist suggests that Skylab 1 90S colour photography on its own is 
most useful for reconnaissance mapping of natural resources in the arid 
regions of Australia at a scale of about 1 si 000 OOO* Its full exploitation 
calls for support from aerial photography and the Landsat imagery* 

More detailed information is available from a paddock near 
Alice Springs which has been studied by the Division of Land Resources 
Management, CSIRO. in connection with grazing trials* The paddock measures 
14x11 kilometres and is grazed throughout the year by cattle, the 
numbers fluctuating from 500 to 1000* It is observable on SL 4 photography 
except for the south-east comer which is covered by cloud. Table 15 
gives the vegetation as mapped from the Si 9 OB diapositives and as previously 
mapped from the ground* Points to he noted are that three of the Skylab 
mapping units are combinations of the origins-1 mapping units, i*e* the 
original mapping is in finer detail than is permitted by the Skylab 
photography* Combinations B and F are acceptable, combination 3 is faulty 
in its inclusions of calcareous shrubland and questionable., in its inclusion 
of mulga and annual grasses, which lias a category of its own (c) * The Alice 
Springs workers have also identified on all the Skylab material active 
vegetation growth on the flood plains, and irrigated lucerne* They feel 
that the quality of the photographs and the large area shown in each, are 
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assets which could be of great value in land planning programmes, 
including large-scale stock movements and the identification of 
'•scalded'* degraded ax^eas. 


TABLE 13 

VEGETATION AUD LAHBFORKS AS MAPPED FROM SI 903 DIAP0SITIV3S ALT) AS PREVIOUSLY 

MAPPED PROM THE GROUND 


Sky lab Observation 
A 9 Hills 

B p Stream beds and associated plains 


C e Mulga depression channels 
Do Groved mulga 
E c Open woodland 


P, Treeless plains 


G„ Unidentified, presumably area 
too small 

* Mulga ~ Acacia aneura 

Spinifex = Triodia and Pleotrachne sppo 

Gilgai - microrelief caused by the uneven swelling of soils 
high in montmorillonite contents 

Conclusions 

The colour t stereoscopic coverage, and good resolution of 
the Sky lab photographs make a useful combination for the mapping of land 
forms, soil, and vegetation at a scale of about It 1 000 000 6 The photographs 
oould probably be used in. place of conventional aerial photography for 
this purpose, other things being equal. 

For visual interpretation we rate the SI 9GB photographs 
first, no twi tiis tan ding the smaller area they cover* S190A photographs 
come seconds and Landsat images third* 


Ground Truth 
Hills 

Stream channels 
Floodplains 
Riparian depressions 
Mulga/annual grasses * 
Mulga /perennial grasses 
Calcareous shrub land 
Savanna woodland 
Mulga-annual grasses 
Foothill fans 
Gilgai plains # 

Floodplains 

Spinifex hummock grassland * 



/ 


Jh 



Fig 17 


Snowy Mountains Area 


Part mosaic of SL3/SI90B, RL84 frames !44 and 145 


'K Hr- 
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6.4.2 Hew South. Wales - Snowy Mountains area 

The notes that follow are with respect to the Si 90S colour 
diapositives. Of the photographic products examined they were unquestionably 
the best, not because of the colour but because of good resolution,. They 
showed a number of features that did not show up in the paper prints. 

Soils 

Three large areas of different colour (400 sq. km and more, areas 1 , 
2 and 3 of fig. 1?) could be distinguished in the cleared country. The 
first two were respectively reddish and brown, and from stereoscopic viewing 
appeared to be on rolling ground. The third was paler and appeared to be on 
undulating ground* field checks showed little difference in the vegetation, 
which was tussock grassland of Stipa and Poa in varying proportions * This 
indicated that the soil was the determinant, a statement which has support 
from fig. 18, which shows soil samples from the three areas, as well as 
from much smaller areas of bright red from location 4 in the Skylab 
photographs o The good correlation throughout suggests that the photographs 
would be of great assistance in regional soils mapping. 

It is significant that the photographs were taken in August, 
which is when the pastures ai'e most meagre after having been grazed through 
their winter dormancy. The field observations were done in early March when 
the pastures provided a top cover of about 9Q^° Contemporary Skylab 
photographs would have been most unlikely to show the soil differences. 

Similar bloeky patches of eucalypts at points 12 and 15 (fig. 17) 
show differences in detail, those at 12 being surrounded by a paler margin 
which is lacking at 13o This paler margin is known from previous work to 
be related to some extent to soil type, and reference to the geological 
map shows that T2 is on granite while 13 is on Ordovician sediments, 
field examination confirmed what could logically be expected, namely that 
the soils too were different. Lineaments and circular features (circled 
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a, -, 11 f 14, 1o and 21 ) are the direct conoern of geology, nevertheless 
they have an important bearing on the type of country and the soils and 
can readily he seen and tiaed by those connected with land resources 
surveys v 

Snowflelde 

Mostly they are quite obvious, but exceptions do occur* On 
colour prints we Slave found some snow-free pastures to he indistinguishable 
from the snow-fields (points 7 end 23) * The difference can he brought out 
by varying the processing, and is clear in the various fil^OA films* areas 
of heavy and light cover can be distinguished at a glance* 

Land Use 

Intensive farming can be seen at point 19 * This is a 
dairy area with the non-wooded parts under improved pastures* Serni- 
intensive farming is distinguishable towards the coast (not illustrated)* 

By far the greater part of the cleared country is grazing land, with a 
little agriculture in the lowlands (areas 1, 2, and 3) • 

From- the photographs the grazing lands may be divided easily into 
two - the lowland pastures and the highland pastures* Both these categories 
can be subdivided on photo pattern, but a field examination shows that 
the lowland subdivisions reflect only a soil difference, with the pastures 
essentially the same* Of the highland pastures, 8 and 18 have a darker 
tone than 7* A field check established that the soil v/as brown throughout 
but that the vegetation appeared different* All three areas have a low 
unbroken sward of Ton, in 7 relatively pure but in 8 and 18 mixed with 
abundant non-grass herbs and patches of shrubs, which would remain green 
during the winter instead of dying back as the grasses do 6 This would 
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provide an explanation for the darker tone of 8 and 18, hut a 
comprehensive botanical analysis is needed to confirm or refute the 
theory* Areas 8 and 18 are respectively on flat to undulating and on 
undulating to rolling country), but this is too subtle a difference to be 
picked up on the photographs even under stereoscopic viewing* 

The photographs provide not only a very useful synoptic view of 
the pastures but also an unexpected amount of detail from the S190B 
diapositiveso At our scale of survey much of this information could be 
used directly, that is, without recourse to the aerial photography* Field 
work would remain essential, at about the same intensity* 

Forests ail woodlands also have an important bearing on the 
natural resources surveys because of their value in cash, as protection to 
water catchments, and as indicators of soil and climate, but as they are the 
direct concern of the Forest Research Institute they are dealt with in 
Section 6*1 of this report* Ve have distinguished pine forests and light, 
intermediate, and dark green eucalypt forests, which can be further subdivided 
and classified through field work (points 17, 6 and 3» 20, 5 and. 10 
respectively)* 

Rater supplies 

Streams vary according to their sise and background from conspicuous 
to obscure* Except by stereoscopic viewing reservoirs are not easy to 
distinguish in forested country in any medium (point 22) but elsewhere they 
are distinct and sharp, to the extent that a small drop in the water level 
can easily be seen (point 15)c 

Oceanography 

The S190B photographs show two sones of colour near the coast 
and a narrow paler band along part of their common boundary* These features 
may represent different depths, but they do not conform to the Royal 
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Australian Navy coastal chart. They are unlikely to he caused by any 
form of industrial pollution since there are no towns of the necessary size 
and character along that part of the coast, and the probability is that they 
represent algae or plankton, reflecting differences in the quality of the 
water. 

S.19.0A Ph otogra^y 

The equivalent SI 9 OA photographs of all six films (Appendix) were 
examined in diapositive form. 

The two infrared films (25 and 26) are closely similar, and of 
value mainly in their very clear differentiation of introd\Joed pastures 
(Point 19 °f Pig. 17) from the surrounding euoalypt forests. The native 

pastures (it) at that time of the year are dormant and poorly differentiated 
from the eucalypts. 

False colour infrared (Film 27) -shows the green non-eucalypt 
vegetation with even more clarity, not only at point 19 but also in some 
other areas which can be distinguished in no other medium, at least by eye. 

Film 29 (. 5 "*6 micrometres) is the only one to provide sufficient 
contrast between pines and eucalypts for easy recognition. 

Film 30 (.6*-. 7 micrometres) distinguishes with satisfactory clarity 
between the euoalypt forests, dormant pastures, and growing pastures. hone 
of the other films provide as much contrast between the three. 

Comparison with Land sat- 1 imagery 

Landsat— 1 imagery dated 12th December 1972 and 1&th January 1973 
is available in all bands for this area of ’few South 'dales. The individual 
hands were compared by eye with respect to the features enumerated in Fig. 17 1 
and the following points noted: 

a) The areas of different soils (l, 2, 3, and 4) were not 
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dist inguishable « 

This is probably due in some measure at least to the denser summer pasture 
when the Landsat-imagery was obtained* 

b) Uet sc.lerophyll forest ( 5 ) was clearly distinguishable on 
bands 6 and 7 ? not on 4 and _% Vie have observed in other areas as well, 
a very clear distinction for some different eucalypt types on the infrared 
and visible bands respectively. Details are still being investigated* 

c) Other eucalypt types (6, 20, 10, and 9 ) could not be 
separated on the Landsat imagery o 

d) The difference between the lowland and highland pastures (7 

and 8 ) was clear on the infrared bands, barely perceptible on the visible — 
the opposite to what one could expect from the differentiation shown on the 
Sky lab colour phot ograpby a Perhaps some seasonal difference is responsible 

for the anomaly# 

e) Geological features 11, 12, 13, 14* 15s and 21 were not 
perceptible on the Landsat imagery. This is attributable to the poorer 
Landsat resolution. 

f) Pine plantations (17) were much more clearly shorn on band 5 
than on the Sky lab colour photograph. They were barely perceptible on band 
4 and imperceptible on 6 and 7« 

g) Relief differences at 8 and 18 could not be seen, as in the 
Sky lab photograph. 

h) In all Landsat bands, the difference between eucalypt forest 
and natural pasture ( 18) was not as distinct as 011 the Sky lab photography. 

On the other hand the difference between eucalypt forest and improved 
pastures ( 19 ) was far clearer on the Landsat imagery. 

i) Particularly on bands 6 and 7» water stood out very clearly, 
no matter what the surroundings. It was less clearly differentiated on band 
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5 1 and in places not perceptible On band. 4« The Skylab photography 
came closest to land 4 in this respect <, 

j) Watercourses and roads were clearest on the Skylab photographer 
much less so on the Landsat visible bands , and not distinguj. liable on the 
Landsat infrared bands, 

k) The heavy snow cover shown in the Sky lab photograph had 
disappeared by the time the Landsat~1 imagery was obtained, but many narrow 
snowdrifts are visible in the December imagery, fewer in the January imagery 
as one would expect , They take the form of a system of thread-like features, 
diminishing in order of clarity from band 4 to band 7j where they are all 

but invisible. 

Conclusions 

The forest cover and probably the summer grass cover over much 
of this area of New South Wales mask the soil colours and the Skylab 
photographs consequently provide less information than they do in arid 
central Australia,: Proportionately more field work is therefore needed 

in eastern New South Wales „ Nevertheless the photographs provide much 
useful synoptic information and some detailed information of direct value to 
the mapping of natural resources „ Features considered in this report 
include land forms, soils, vegetation, water supplies, and climate, llineral 
resources are considered under Sections 6,2 and 6,3* 

In the New South Wales area nearly every band of the S190A had a 
unique capacity for clearly distinguishing some particular feature which v?as 
obscure or invisible on other bands 0 The camera is a valuable complement 
to the S190B* Central Australia on the other hand provided little scope 
for the finer spectral discrimination of the S 190 A, 

Apart from its well-known advantages in commanding a wider field 
of view, the Landsat imagery offers nothing for visual interpretation that 


the Skylab photography cannot offer 


Reference. 


PJBHRY* 


it e A o , I'lfiBBUTT | J • A * f 
JOitfJB, K.O., BLaTYiiRj 


LITGIIPIALI), V/*H. , (-UlKLalJ y T, 
ReOo , SlthJARf, 3. A c s BAmJvK. 


( 1962 ) - Lands of the Alice Springs area, Northern 
1956-57 « GSIRO Austo Land Res. Ser. Kot 6* 


, LjiZnRiDGh 1 L * j 
W* , and RYAN, G*R 
Territory, 


83 


6.5 INFORMAL BEPQ3T PIT USEFULNESS FOR LAUD USE MPVISG AND TOPOGRAPHIC 
MP REVISION (DM) 

" • Ittfrcoduotion 

Initial examination of the special 1*500 000 scale enlargements of 
SKYLAB S190B photography supplied by MSA indicated that further investigation 
was warranted to study its usefulness for Land Use Mapping and Topographic 
Map Revision. 

i Land Use mapping 

Examination of five frames of southeast Australia included 
comparisons with Landsa-fc—1 false colour composite imagery of similar areas, 

16 times enlargement to about 1:30 000 scale and stereoscopic viewing, to 
which the photography is most suited because of a 60 per cent overlap of 
individual frames e 

The frames examined enabled much more detail to be extracted than 
is possible from Landsat— 1 false. colour composite images, and would be 
particularly useful if examined in conjunction with similar false colour 
photographs obtained at the same time. The main advantage over conventional 
colour photography is the ability to obtain a “broad overview as well as fine 
detail, where required, from the one image. 

Lack of availability of extensive coverage of these photographs 
limits their practical application to land use mapping, otherwise they 
might largely supersede Landsat imagery. At present, small ( 1*140 000) 
scale conventional colour photography would seem to offer the greatest 
• potential as back-up material to the basic Landsat imagery for land use 
mapping programs in Australia. 
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Topographic Hap revision 

Two frames, one in central and the other in southeast Australia, 
were examined for revision of 1:100 000 scale topographic maps* The 
standard equipment in use for transfer of additional detail was, however, 
unable to accommodate the scale differential and the examination was based 
on a black and white print at 1:100 000 which degraded the image quality 
considerably. 

Much detail useful for revision of maps at this scale was evident 
and could be accurately located in respect to adjacent existing detail. 
However, completeness of revision could not be guaranteed and small 
features, normally symbolised on the map (e.g. bores, dams f farmhouses , 
fences) could not be identified in many cases. 

The examination, due to the inadequate facilities for retaining 
the resolution of the original photograph, was necessarily inconclusive, 
but the difficulty of identifying cultural features, the main requirement 
of map revision, indicated that such photography could not replace completely 
the need for aerial inspection and medium scale conventional photography 
in the revision of topographic maps at scales larger than 1:250 000 scale. 

If available, they would be useful but here again it was felt that 
small scale colour photography from conventional aircraft would be of much 
greater practical use. 
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7* SOMMflKr OF GOHCLUSIOHS 

1* In sub-humid, vegetated areas, SI 9GB photography: 

a) has a potentially operational role in detecting lineaments in 
1:100 000 scale geological mapping and in major civil 
engineering surveys, 

b) is of limited value for regional lithological mapping at 
1:500 000 scale, 

c) provided much useful synoptic information and some detailed 
information of direct value to the mapping of non-mineral 
natural resources suoh as vegetation, land, soil, and water* 

2* In arid, well exposed areas, S190B photography could be used: 

a) with a limited amount of field traverses, to produce reliable 
1:500 000 scale geological maps of sedimentary sequences, 

b) to update superficial geology on 1:250 000 scale maps, 

c) together with the necessary field studies, to prepare landform, 
soil and vegetation maps at 1:1 000 000 scale* 

3# Sl<ylab photography was found to be more useful than Landsat 
images for small scale mapping of geology and land types, and for the revision 
of topographic maps at 1:100 000 scale, because of superior spatial 
resolution and stereoscopic coverage. In forestry small scale mapping, 

Landsat summer-time images were more useful than the winter-time Slcylab 
photography e 

4* For small scale geological mapping S19C® proved more useful than 
SI9OA* 

For 1:100 000 scale land classification mapping, S190A proved to be a 
valuable complement to S190B* 

For forestry, S190A colour IR was more useful than S190A colour 
for delineating major species associations. 
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5. The investigation lias shown that very siaall scale, high resolution, 
stereoscopic colour and colour infrared photography is a useful aid in 
natural resources mapping. ■ 

Only limited coverage of ERBP-type photography is available, but the 
work done suggests that high altitude aircraft photography at suitable 
scales ( 1:100 000 and smaller) would be a valuable alternative. 
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8. REOOMHEKDATIONS 

1 . It is recommended that NASA should bring to the attention 

of the appropriate section of the United Nations organisation (e.g. the 
Scientific and Technical Sub-Committee of the Committee for idle Peaceful 
Uses of Outer Space) the potential of satellite EREP-type colour and 
colour infrared stereoscopic photography for assisting in the mapping 
of poorly known regions of the world. 

2. In countries such as Australia, that already have an extensive 
coverage of maps related to natural resources, experiments with small scale 
high altitude aircraft photography should be made to determine their 
suitability for fast, cost-effective map revision. 
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APPENDIX 


SKYLAB IHOTOGitAPHIC PROBUCgS 

(Bata from Sky lab ERSP Investigators’ Bata Book, Cct« 
1^72 and BRI3P Sensor Performance Report ISC-03328) 

Lultispeotral Photographic Camera S19QA 


Focal length 

— c^r” 

Negative Size 
& 

A ctual 
image 
siae 
(mm) 

Negative 

scale 

Area covered 
(ta) 

Cone angle 
(degrees) 
on in. 

flats corners 

152 

70 

37 

1:2 860 000 

163x163 

21 29i 


Camera 

Station 

No. 

Film 

roll 

Ho. 

S190A Film 

Nesign 

Bandwidth, /an 

Standard 

Filter 

1 

25 

IR Aerographic B & W, 
type 13K 2424 

0.7 to 0.8 

CC 

2 

26 

IS Aerographic D & W, 
type NIC 2424 

.8 to .9 

BB 

3 

27 

Aerochrome IR color, 
type NIC 2443 

.5 to .88 


4 

28 

Aerial color (high- 
resolution), type 

SO-356 

.4 to .7 

FF 

*5 

29 

I AH-X. aerial B 6, \/ 7 
type S0-022 

.■5 to ♦ 6 

AA 

*■6 

30 

PAN-X aerial £5 & W, 
type S0-022 

*6 to 

BB 


(# In SL4, filter AA is used for Cam. St. 6 and BB for 5 ) 


Karth Terrain Cambera S1903 


Focal length 
(rim) 

Negative Size 
( mm) 

A ctual 
image 
size 
(mm) 

Negative 

scale 

Area covered 
(tan) 

Cone angle 
(degrees) 
on in 

flats corners 

458 

126 

115 

1:948 000 

109 x 109 

14 20 


Film type Filter Baiidwidth 

(/Jin) 

Aerial 5 (neutral «4*-®7 

colour density) 

(high definition) 

SO~242 ’ 



